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PREFACE 


The world’s first artificial satellite of the earth, as is now so 
well known, was produced in the U.S.S.R. This was the result 
of extensive and continuous research work carried on for many 
years in the Soviet Union. 


The first sputnik was launched successfully on October 4, 
1957. It made an elliptical trajectory round the earth, attaining a 
velocity of approximately 8,000 metres per second (28,800 
kilometres/hour) and a maximum height of 950 kilometres, and 
performing. in the initial phase, one revolution in 1 hour 36°2 
minutes. The sputnik resembled a ball with a diameter of 58% 
centimetres and weight 83°6 kilograms. It existed as a 
satellite of the earth for nearly 58 days and covered during 
this period a distance of 39 million kilometres. 


The whole world followed the flight of the first artificial 
satellite of the earth with wonder and interest, accompanied by 
visual and radio observations from many countries. The dis- 
tances at which the sputnik’s radio-signals were picked up ex- 
ceeded considerably than those anticipated. In isolated cases, 
the observational range attained 10,000 kilometres on a 
frequency of 20 megacycles (wave-length 15 metres). The 
observational data, it is hoped, will help to investigate the 
various scientific problems pertaining to the scattering of radio- 
waves and the composition of ionosphere more accurately. 


The observations were carried out not only on the sputnik 
but also on the rocket-carrier, by means of which the sputnik 
was placed into the orbit. For a long time, the rocket-carrier, 
400, revolved round the earth at approximately identical 


i ARTIFICIAL SATELLITES OF THE EARTH 


heights and at a distance of about a thousand kilometres from 
the sputnik. The distance between the two changed mostly 
owing to the difference in their periods of revolution. It was 
also established that the period of revolution of the rocket- 
carrier of the first sputnik began to decrease perceptibly after 
November 30, 1457, and then it started coming down. Its 
decline was particularly abrupt on December 1, 1957 as became 
apparent from its route across the territory of Irkutask, 
Chukotski peninsula, Alaska.and farther along the western 
coast of America. 


While passing along this route, the rocket-carrier entered 
the dense layers of the atmosphere and then began to burn and 
fall out. According to the available data, its fragments fell on 
the territory of Alaska and the western coast of North America. 


The flight of the rocket-carrier and the artificial satellite, as 
said earlier, was observed by a large number of scientific sta- 
tions, astronomers and radio-amateurs all over the world. The 
forecasts of the sputnik’s passage that were published helped 
the observers to follow it. Later, the entire observational data 
were subjected to a thorough analysis. The reports that were 
obtained confirmed excellently well the actual timing of their 
passage and the pre-estimated magnitudes. Thus, the observers 
trom the State of Arizona (U.S.A.) made a visual observation 
of its passage precisely according to schedule. At the same 
time, the radio-signals from the sputnik were received by them. 
The transmission of signals from the sputnik, however, stopped 
after some time because of the depletion of the sources of power, 
after which the observations were continued through optical 
methods and radar aids. 


The research programme on the launching of the first arti- 
ficial satellite of the earth and the determination of parameters 
of its orbit were carried out by radio direction-finding stations 
and also by radio-amateurs. The first artificial sputnik of the 
earth existed for 92 days, completed 1,400 revolutions around 
the earth, and covered a distance of nearly 60 million kilometres 
during this period. On January 4, 1958, it entered the dense 
layers of the atmosphere, and was finally burnt. 
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On November 3, 1957, the Soviet Union launched its second 
artificial satellite of the earth. It represented the last stage of 
a rocket-carrier with a container outfitted with scientific equip- 
ment. The total weight of the sputnik, including the scientific 
equipment, the test animal and the sources of electric power, 
was 5083 kilograms. Its orbital velocity was nearly 8,000 
metres per second and the maximum distance from the earth's 
surface about 1,700 kilometres. The period of one complete 
revolution of the sputnik was nearly 1 hour 42 minutes, and 
the angle of the tilt of the orbit to the equatorial plane approxi- 
mated 65°. 


By thus successfully launching the second artificial satellite 
of the earth, the Soviet scientists have opened up the _possibili- 
ties of investigation of cosmic space and the upper layers of 
the atmosphere. The processes of natural phenomena taking 
place in the cosmos, which had hitherto remained unknown, 
have now become accessible to man. Indeed, the launching of 
the artificial sputniks of the earth testifies to the wonderful 
achievements of science and technology inthe U.S.8.R. This 
is a signal victory for Soviet: scientists and technologists who, 
through their hard and concerted labour, have succeeded in 
solving, on many occasions, the most intricate scientific and 
technical problems within the snortest possible time. 


As is well known, the first atomic power station of the world 
was set up in the Soviet ‘Union in 1954, and new stations are 
now being built. Russia has constructed the world’s most 
powerful particle smasher, namely, the synchrocyclotron, besides 
launching a super-range, intercontinental multi-stage ballistic 
missile, which flew at a high altitude and hit precisely a _pre- 
assigned area. Nor is this all. Soviet scientists, engineers, 
technicians and workers have also created the most modern 
arms. Today, the Soviet Union possesses not only integ- 
continental ballistic missiles, but also rockets with different 
systems and for varied purposes, to which can be added atomic 
and hydrogen charges. The latest wonderful achievement of 
the Soviet Union is the launching of the artificial satellites of 
the earth, which is only a practical realization of the ideas of 
the famous Soviet scientist, K. E. Tsiolkovski. Thus, a magni- 
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ficent contribution has been made to the world of science and 
culture by the successful launching of the first man-made 
satellites of the earth. Indeed, the satellites have opened a new 
phase in the development of science and technology, character- 
izing man’s victory over the all-powerful forces of the earth’s 
gravity, and, at the same time, ushering a new epoch in the 
growth of our knowledge about the earth and its atmosphere, 
and the cosmic space. Today, it has become a reality which 
till recently appeared to be, if not a fantastic idea, at least a. 
remote possibility. 


It is not surprising that the successful launching of the arti- 
ficial satellites of the earth by the U.S.S.R. has aroused the 
most lively interest throughout the world as the biggest scienti- 
fic event of all times. The Soviet people feel immense satis-. 
faction at the achievement of its scientists, technologists and 
industrialists. Truly, Soviet science, technology and industry 
may be said to have now reached a stage where it can expect. 
to resolve successfully the most complicated technical problems, 
which had hitherto baffled man’s efforts. No wonder that 
many journals are emphasizing the fact that the U.S.S.R. has. 
gone ahead of the U.S.A. so far as the progress in the scientific 
field is concerned. 


As reported by the Associated Press Agency from Washing- 
ton, Dr. Joseph Kaplan, the Chairman of the National Commit- 
tee formed to conduct the International Geophysical Year, 
made the following announcement on the occasion of the 
successful launching of the artificial satellites of the earth by 
the Soviet Union : 


“What strikes me most is the fact that they have succeeded’ 
in accomplishing this in such a short period at their disposal, 
which is not in any way more than what we also had. I feel that. 
it is a wonderful achievement. The fact of launching the artifi-. 
cial satellites of the earth has a great significance from the point 
of view of international co-operation. They have done it first of 
all. I trust that they will provide us with sufficient information 
relating to it, so that our groups carrying out observations of 
artificial sputniks could be apprised of valuable scientific data.’” 
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Commenting on the reports that even the first Soviet sputnik 
of the earth weighed 83°6 kilograms, that it exceeded the weight 
of the American satellite by several times according to the 
utterances of the American Press, and that the weight of the 
second Soviet sputnik was 508°3 kilograms, Dr. Kaplan said : 


“This is somewhat fantastic, and if they could launch such 
sputniks, they can launch heavier sputniks as well.” 


Dr. A. Lovell, Professor of Radio-astronomy at the Univer- 
sity of Manchester, who is also the Director of the Research 
Station “Jodrell Bank’ in the county of Cheshire, declared 
that the launching of the satellites byr the Soviet Union isa 
‘‘wonderful achievement which testifies to the high degree of 
technical progress attained in that country.’”’ He emphasized 
that the Soviet scientists had far left behind the scientists of 
England and the United States and that the Americans had 
been surpassed by the Russians as regards the launching of 
satellites of the earth. Professor Lovell continued: ‘‘As far 
as we know, the United States will not be in a position to launch 
an artificial satellite of the earth earlier than the year 1958.”’ 
Finally, he said : “Russians have outstripped us, the English 
scientists also very much.”’ 


The scientific reviewer of the influential Sunday edition of 
the Observer, John Davy, wrote : ‘‘Western scientists were rather 
stunned by Russian achievements.’ He pointed out that the 
most remarkable peculiarity of the sputniks seemed to be their 
weight, which, judging from the reports, exceeded by several 
times the weight of the American sputnik. The author lends 
special significance to this fact since a “‘truly colossal rocket’ is 
required to launch such big sputniks, and the American engi- 
neers have, in the words of Davy, ‘‘faced difficulties in the 
construction of a reliably operating missile for the purpose of 
launching a sputnik of even small dimension.’ Davy also re- 
marked that the Soviet scientists had launched sputniks at the 
‘“‘nolar orbit,” 7. e., going from north to south, which required 
still greater force. Their launching appears most difficult 
of accomplishment, but has a lot of scientific value, inasmuch 
as the sputniks pass over a majority of continents while moving 
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along this orbit. While pointing out that the American scien- 
tists were planning to launch their satellite along the easier 
orbit, 7. e., the ‘““Equatorial,’’ Davy concludes on the basis of 
a comparison of the data obtained by the Soviet sputniks with 
those by the American sputniks. He says that “the superiority 
of the Russians in the field of rocket technique must be even 
larger than has been hitherto supposed.”’ 


According to a report of the Associated Press Agency, the 
famous specialist in the field of guided missiles and optical 
physics, Ye. P. Marts, the younger, declared in unambiguous 
words: ‘‘We hear violent propaganda issued out of our coun- 
try throughout the world regarding our plans long before we 
are prepared for the actual launching. The Russians boasted 
little, if at all, they did beforehand; nevertheless, they launched 
bigger and heavier sputniks than our own sputniks.”’ 


This, very thought may be seen in the remarks of the 
Washington correspondent of the United Press Agency. He 
remarks that ‘‘Ninety per cent of the talks regarding artificial 
satellites of the earth could be ascribed to the U.S.A., whereas 
it became evident that Russia accomplished the job cent per 
cent.” 


A majority of views are on these lines. 


Mr. N.S. Khruschev said that millions of people sincerely 
rejoiced in all parts of the world, and greeted with enthusiasm 
the greatest exploit of the Soviet scientists, technicians and 
industrial workers. At the same time, the enemies of socialism 
had got frightened and perplexed by this victory of the Soviet 
Union. They were convinced of the high level to which science, 
technology and industry progressed in the U.SS.R.. because of 


the successful solution of so complicated scientific and technical 
problems. 


The United States of America had declayed earlier that it 
was ready to launch an artificial satellite of the earth named 
the “Vanguard.” Anyhow, it did not materialize, otherwise it 
would have been really the “Vanguard.” The U.S.S.R. also 
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made public its decision to launch an artificial satellite of the 
earth. Finally, everybody could see that the creative efforts 
of Soviet science and technology achieved wonderful success 


Subsequent to the advent of the little “Soviet Moon,’’ some 
people inthe U.S.A. declared that they did not even think of 
entering into rivalry with the Soviet Union as regards the con- 
struction of an artificial sputnik. They talk like this now when 
Soviet sputniks are already flying around the globe ! Apparent- 
ly, the title ““Vanguard”’ reflected the confidence of the Ameri- 
cans that their sputnik would be the first to be launched in the 
world. But it happened the other way round—instead of the 
“Vanguard,” Soviet ‘““Sputnik’’ appeared first. 


The American artificial satellite the ‘““Explorer’’ was launch- 
ed on January 31, 1958 on a modified experimental rocket of 
medium operational range ‘““Jupiter-C.”’ Speaking about it, the 
newspaper Monde writes: ‘‘This success of the Americans is 
not a sensational one.........inasmuch as the Russians have 
opened up the way to cosmic space. As regards weight, the 
American satellite stands no where in comparison with the 
sputniks launched by the USSR. The well-known scien- 
tist, Verner Von Braun, who is a representative of the adminis- 
tration of ballistic missiles in the U.S.A., said that the U.S. will 
require five years to catch up with the Soviet Union in the field 
of rockets and sputniks. ‘It must be remembered,” he pointed 
out, ‘that the load of the second Soviet sputnik is 1,126 pounds. 
The one which we have thrown into orbit can just at present 
vie with this sputnik in spirit only.” 


In the first instance, the Soviet Union built an interconti- 
nental rocket, which gave it lead in this sphere and also an 
opportunity to perfect the construction of rockets, leaving the 
U.S.A behind in this field, and to accumulate the requisite 
stock of rockets, in case they fail to arrive at an agreement on 
the question of disarmament. 


The fact that the Soviet Union launched the first artificial 
satellite of the earth and released the second one also just after a 
month spotlights many things ; the U.S.8.R. could, if necessary, 
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launch a large number of sputniks. For this purpose, it is re 
quired to alter only the head-part in intercontinental ballistic 
rockets, to set the appropriate equipment in place of hydrogen 
‘charge, and to fire the installation by means of this equipment. 
It is the sputnik. Truly, the Soviet scientists, technologists and 
industrialists, who have contributed their genius and labour to 
the production of the first artificial sputniks of the earth, have 
earned the respect and gratitude of all those who hold dear 
the cause of scientific progress and achievement. 


While speaking of the future of aviation and rocketry, the 
great Soviet scientist, K. E. Tsiolkovski, wrote in one of his 
last articles: “‘I am strongly convinced about one thing—prece- 
‘dence will go to the Soviet Union.”’ This prophecy has come 
true. The artificial satellites of the earth will pave the way for 
interplanetary travels and, obviously, our contemporaries are 
bound to testify as to how the continuous and conscious efforts 
of the people of the new socialistic society have made the most 
audacious dreams of mankind a reality. 


In the midst of a multitude of problems, which have been 
agitating the human mind since long, the conquest of space 
appears to be one of the most ancient dreams. As soon as man 
was able to go up in air, this urge flared up with a new force. 
But it remained an idle dream, for even the ideas that had been 
developed scientifically regarding the flight in the cosmos could 
not be worked out because of the lack of technical accomplish- 
ment required for resolving this complex problem. K. E. 
Tsiolkovski was the first scientist to work out the theoretical 
basis of cosmic flight, and proved it scientifically. Even today, 
his works, though written in the past, have not lost their 
scientific value, and his ideas, which are being realized success- 
fully, serve as the solid foundation for the development of 
interplanetary flights in the near future. 


The Seventh International Congress on Astronautics, held 
at Rome in October 1956, noted with confidence that man 
would have already stepped on moon by the end of this century, 
that many experiments on the launching of the so-called arti- 
ficial satellites of the earth would precede this event, and that 


PREFACE ix 


the first launching would take place in the coming International 
Geophysical Year, which began on July 1, 1957 and lasted till 
December 31, 1958. 


The huge programme of the study of the earth in which 
large groups of scientists representing many countries of the 
world are participating will be carried out during the eighteen 
months of the Geophysical Year. All over the world, observa- 
tions, investigations and experiments, including the launching of 
the artificial satellites of the earth, are being conducted simul- 
taneously, employing most modern scientific methods. The 
first artificial sputniks of the earth were fired by means of 
rockets at various distances from the earth, and they trans- 
mitted most valuable scientific data by means of self-operating 
devices. 


The launching of the first artificial satellites of the earth 
required huge preparatory measures and the joint efforts of 
many scientists working in different branches of science and 
technology. In order to overcome the force of the earth’s gravity 
and place the satellite in its orbit, the rocket-carrier was re- 
quired to have a flight velocity of not less than 7°9 kilometres 
per second, besides having a large quantity of fuel and a 
complicated system of control during flight. 


The present book describes the courses which were followed 
by scientists in an attempt to conquer space, the many difh- 
culties which they had to face, and yet to be met, and the 
fundamental problems capable of being resolved by means of 
the artificial satellites of the earth in the cosmos. It also dis- 
cusses the stages essential for the solution of the problem of 
the successful flight of man in cosmic space, the pre-requisites 
indispensable for its accomplishment, and, finally, the vast 
possibilities it opens for the acquisition of knowledge of many 
things yet unknown. 


This is not the only purpose of this book. It has another 
and, perhaps, more important objective in view. Unfortunately, 
today, the greatest discoveries of mankind are being utilized 
for military purposes. As soon as man began to fly in air, 
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military aircraft made their appearance. Then followed the 
splitting of the atomic nucleus. Again, this discovery was 
utilized immediately in making the atomic and later the hydro- 
gen bomb. We arc still unfamiliar with the cosmos. We 
have witnessed only the Jaunching of the first artificial sputnik 
of the earth in the cosmos. 


And, yet, how sad, that military leaders of some 
countries, in collaboration with their scientists, are discuss- 
ing seriously as to how the cosmos and the future space 
stations could be utilized for military purposes, and what 
further effect it will have on methods and forms of carrying 
out military actions. Obviously, such an attitude has stirred 
up fears in many parts of the world. To interpret the fact of the 
sputnik’s launching in the Soviet Union as a military threat to 
one country or the other is hardly a correct appraisal of the 
attitude of the Soviet Union. The Soviet Union, to say the 
least, does not threaten any country, and it wants nothing but 
to live in friendship and amity with all the people of the world. 
It is no use rattling each other; for it gives rise to a vicious 
circle, and each nation is obliged to keep its Armed Forces 
ready to repel aggression. That, surely, is no way to establish 
peace in the world. Under these conditions, the U.S.S.R. has 
no right to forget that with the development of science and 
technology, intrinsic changes take place in warfare, new forms 
of battle technique and armament are introduced, and their 
applications change the methods of war. That is precisely why 
the party demands of its military cadres not to set at rest at an 
achievement, but to advance military science in every way, to 
improve upon their military knowledge continuously, to per- 
severe in the mastery of new techniques of warfare, and to 
increase the vigil and fighting disposition of its armies. The 
Soviet people, and particularly the combatants of the Soviet 
Army and the Naval Fleet, must distinctly visualize the 
possibilities of the new technical methods of warfare, the degree 
of their danger, and the most devastating results of counter 
measures, 


Taking into account the further scientific and technical pro- 
gress, and the advent of new means of inflicting defeat and 
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war techniques, the Soviet people, too, are obliged to deter- 
mine, in good time, the most expedient means and forms of 
warfare, investigate them in all their aspects, and introduce 
them in the curriculum of their armies. 


Thus, the second object of this book is to acquaint the 
reader with the possible application of the artificial satellites 
of the earth and interplanetary stations for military purposes, 
to cite instances of similar projects, and also to indicate the 
realities and dangers of such uses. 


Naturally, the theme of the book is very wide. Strictly 
‘speaking, it is no theme, but a series of most important, intri- 
cate and closely inter-related scientific problems. Because of 
the restricted size of the book, we have discussed only briefly 
some of these vital problems, and to omit altogether certain 
others which have been considered less significant. The latest 
material available on this subject in Russian and foreign publi- 
cations forms the basis of this book. It is only one of the few 
attempts in this field; hence the author will be extremely 
grateful to readers for their critical remarks, if any, or sugges- 
tions which may be forwarded to the Military Publishing 
House, Moscow. 


In the end, the author expresses his profound gratitude to 
Engineer Lt.-Col. V.P. Seleznew, Bachelor of Technical Sciences, 
‘who took great pains in editing the book, introducing many 
valuable improvements and incorporating a description of the 
control system of the rocket-carriers and the satellite’s astro- 
orientation. The author also acknowledges gratefully the 
valuable advice given by G.A. Skuridin, Bachelor of Physico- 
Mathematical Sciences, on the exposition of material concern- 
ing the scientific significance of the artificial sputniks of the 
earth. Thanks are also due to Engineers T. V. Kharitonova 
and A.A. Sochikov for their technical assistance in expediting 
the publication of this book. 


CHAPTER I 
HOW TO MAKE A SATELLITE AND WHY 


1, Conquest of the cosmos is possible 


Having read such a subtitle, the reader is involuntarily 
reminded of Konstantin Edwardovich Tsiolkovski, with whose 
name is associated the foundation of astronautics—the science 
regarding flights in universal space. Tsiolkovski devoted an 
extremely significant portion of his remarkable researches to the 
problem of flight with the help of a variety of jet appliances. 
In other words, he attached highest importance to these investi- 
gations. During the course of a decade, vear after year, till 
his very death, articles, notes and calculations devoted to a 
thorough analysis of the possibilities and methods of interplane- 
tary communications came from his pen, one after another. 
None of his contemporaries working on the problem of inter- 
planetary flights went so far as he did. 

The problem of rocket flight in the cosmos is extremely 
complex by itself. Tsiolkovski worked on its fundamental 
aspects and at advanced levels, indeed. The reader will find in his 
papers many suggestions for the use of various concrete designs 
of jet aircraft, beginning with the stratospheric semi-rocket 
aircraft with a climb up to a height of 30 kilometres, and ending 
with interplanetary rocket-ships for the performance of journeys 
in interstellar spaces. 

At the beginning of the twentieth century, Tsiolkovski 
gave out an idea, for the first time, of an arrangement for inter- 
planetary stations, the earth’s satellites being utilized as a 
spring-board for the conquest of cosmic expanse. In other 
words, he imagined about the colossal settlements of the future 
somewhere in the domain of asteroids. All these ideas were 
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developed by him not on the basis of utopian fantasy, but 
entirely scientifically. 

However, his great undertakings in the then Tsarist 
Russia could neither develop fully nor fit in the country with a 
low level of development of technology and industry. It is 
only in the present socialist Soviet land that the projects of 
Tsiolkovski have acquired a new effective force and have been 
given a practical shape for the speedy development of jet 
technique, industry and applied sciences. 

Beyond the Soviet land, the thought of producing an arti- 
ficial satellite of the earth was first introduced by the German 
scientist, G. Obert, and the American scientist, P. Goddar, but 
considerably later than Tsiolkovski. 

The production of an artificial earth’s satellite is a decisive 
step in man’s conquest of cosmic space. The problem of direct 
flight across to the moon, not to speak of the planets, is ex- 
tremely complicated with the cistant range, owing chiefly to the 
need to overcome the earth’s pull. Before sending a human 
being to the cosmos, it is necessary to have exact and detailed 
information regarding the physiological conditions of flight. <A 
series of complicated scientific, technical, physiological and 
biological problems connected with the flight of a habitable 
vessel in cosmic space can be resolved only by means of an 
artificial satellite of the earth. We shall examine below how 
these problems can be solved with the help of a satellite. 

It was demonstrated theoretically by the scientists of the 
various countries of the world, first among them _ being 
Tsiolkovski, that a rocket alone unfolds the possibility for 
the launching of the earth’s satellite and interplanetary com- 
munications. The utilization of any other media for these 
purposes, ¢.y., the discharge from a specially designed gun 
barrel or the electromagnetic forces, as will be shown below, 
is practically impossible. 

The recent achievements of science and technology indicate 
that the problem of cosmic flights has crossed the practical stage. 
The progress in the field of jet techniques and the production 
of new types of fuel with a high efficiency and of light and 
powerful jet motors have made it possible to attain velocities 
for the launching of the first artificial earth’s satellites by the 
USS.R. 
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At present, only a rocket with a liquid jet motor can 
answer the multiple requirements of an interplanetary vessel. 
Only such 2 motor can speed up the satellite’s rocket-carrier 
or the interplanetary vessel to a huge velocity, without which 
cosmic flight is not possible. A rocket alone is capable of 
breaking the chains of the earth’s pull which has made us its 
captives. 


The launching of long-range, intercontinental, multi-stage 
ballistic missiles and the artificial satellites of the earth by 
the U.S.S.R. shows how far the Russians have progressed in 
science and technologv.' The satellites have achieved transition 
from fantasv to fact in a few years. Just as atomic energy 
can be directed not only for mass destruction and annihilation, 
but utilized in a large measure for peaceful pursuits, so also 
the rocket technique, while appearing a powerful means of 
warfare, can be used for the mastery of the secrets of nature 
for the good of mankind. Furthermore, it can be applied 
for a study of the upper layers of the atimosphere and for 
the realization of interplanetary communications. In no 
distant future, it is contemplated to apply rockets in such 
apparently unusual fields as postal communications, laying of 
cables, and, possibly, even for the transportation of passengers. 
This aspect of the use of rockets is especially tempting ; even 
with rocket velocities of the order of 6,000 kilometres/hour, man 
could have flown round the globe in less than seven hours. 

The flight in the cosmos is the long cherished dream of 
mankind and its realization is most fascinating, indeed. This 
dream is hoped to be fulfilled in future. Owing to the 
modern achievements of science and technology and, above 
all, of rocket technique, the conquest of the cosmos has 
become really possible. The production of the artificial 
satellites of the earth is the first step towards a solution of 
this intricate problem. ' 


2. Stages of the conquest of the cosmos 


From the many articles written by specialists in the 
field of astronautics, it can be assumed that the programme of 
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1, See the supplement of a report of Tass of August 27, 1957, 
October 5, 1957 and November 4, 1957. 
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accomplishing an interplanctary flight may be subdivided into 
the following four stages : 

(1) Construction and launching of an automatic rocket— 
satellite without a crew. 

(2) Construction of stations in cosmic space, or of an 
artificial earth’s satellite of a fixed type. 

(3) Accomplishment of regular flights with a crew around 
the earth along the orbit, and also of flights of auto- 
matically piloted cosmic vessels around the moon. 

(4) Realization of the first interplanetary travel by 
landing at the moon and thereafter on the planets. 
within the range of the solar system. 

A large amount of work on the undermentioned complex 
problems will have to precede a solution of the first part of the 
given programme : detailed investigations of the phenomena of 
heat transmissions and chemical equilibrium at a temperature of 
the order of 4,000°C and at the rate of 4 kilometres sec. of gas 
flow ; study of the aerodynamical phenomena during flight velo- 
cities 5 to 20 times the velocity of,sound’ for flight in a strongly 
rarefied atmosphere : investigation of the phenomena of heat 
transmission and stability of jet engine chambers of small 
dimensions and weight ; production of new fuel blends with 
maximum specific pull and of new materials—heat-resisting 
steels, porous, metallo-ceramics, obtained through powder ag- 
glutination from refractory metals, refractory materials, allovs 
of titanium and other materials for the construction of rockets : 
a solution of the problem of producing new systems of cooling 
the combustion chambers ; developing the designs of more 
powerful motor for rockets with a traction of 100 tons and 
above; and the creation of motors of new types (ionic and 
atomic motors). To this long list of complex problems may be 
added the development of rocket designs of new type and: 
lighter weight, and also work on the production of miniature 
and more advanced instruments of guidance and control (servo- 
mechanisms, radio-technical appliances, gyroscopic stabilizing. 
devices, photoelectric and optical instruments, etc.) ; investiga- 
tion of the most rational orbits. such as, for the artificial satellites 


1, Velocity of sound in air near the surface of the earth 0°33 kilo-+ 
metres/sec., or 1,200 kilometres/hour. 
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‘and interplanetary vessels; the questions of creating the 
necessary condition for people situated in the cabin on the 
satellite, and of medicines connected with cosmic flight of people 
as a guard against cosmic rays and meteorites, navigational 
problems, means of communication, landing of rocket on a 
stationary satellite and planets, and return to earth. The 
scientific institutions of different countries, including those of 
the Soviet Union, are already working on these problems. No 
doubt, such a large number of difficult problems can be resolved 
only gradually. 

The sending of kites, balloons, sounding balloons, radio- 
sounding apparatuses and geophysical rockets was the first step 
towards the study of the earth’s atmosphere. M.V. Lomonosov 
built a ‘“‘small airport machine’ looking like a model of 
autogvro for lifting meteorological instruments. The first 
hoistings of instruments on kites relate to that period. How- 
ever, regular atmospheric investigations by means of kites and 
aerostats began much later. The Russian aerologist, V.V. 
Kuznetsov, had already made much contribution to those 
investigations in the beginning of the 2Uth century.’ The 
origin of the first aerological observatories for the investigation 
of the upper layers of the atmosphere by means of recording 
instruments lifted by different but not much perfect aircraft, 
chiefly sounding balloons, is traceable to the end of the 19th 
century. Precisely with their help, Teiseran De Bohr discovered 
the stratosphere in the year 1898. But the radio-sounding 
apparatuses invented by A. P. Molchanov, a Leningrad pro- 
fessor, produced a genuine revolution in the field of the study of 
the atmosphere. At the initiation of the Pavlov aerological 
observatories, near Leningrad, on January 30, 1930, these 
radio-sounding apparatuses marked the beginning of an appli- 
cation of telemechanics and radio for establishing communica- 
tions of different aircraft with the earth. Before long, the first 
accomplishment of this observatory was the radiogoniometry 
of radio-sounding apparatuses in flight. However, in these 
cases also, the geophysical instruments could not be lifted 
higher than a few ten kilometres. 


1, See article entitled “Atmosphere,” The Great Soviet Encyclop- 
aedia, Vol. 3, page 385. 
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After World War II, some rockets were adapted 
for scientific investigations of the atmosphere. Making use of 
them, man succeeded in “skipping” much higher than before. 
In the year 1949, a two-stage rocket was lifted up to 390: 
kilometres, and somewhat later a compound two-stage rocket 
extended the record to 425 kilometres. In the Soviet Union 
also, numerous rocket launchings were carried out to creat 
heights for scientific investigations. 

However, independently of ihe height of lift, all such 
investigations have two essential handicaps. The first of these 
drawbacks is that instruments placed on the rocket. can explore 
only a very limited field in space, and, secondly. the rocket is 
located in the given space for a few seconds. It may also be 
noted that the getting of investigating instruments intact and 


the results of recording the scientific observations presented 
considerable difficulties, and in many cases one did not 
generally succeed in getting them. So naturally, the necessity 
of carrying out more systematic and lasting observations at 
the atmospheric limits arose. A satellite of the carth rotating 
round it for a sufficiently long time was envisaged to execute 
this job. 

Science has already solved the first stage of the conquest 
of the cosmos. The first artificial carth’s satellite was pro- 
duced and launched in the U.S.S.B. It is perfectly clear 
that without studying all the phenomena occurring in the 
upper layers of the atmosphere, it is impossible to dream of 
interplanetary flights or even a habitable interplanetary 
station. Therefore, the creation and launching of a satellite 
appears to be an inevitable stage in gaining familiarity 
cosmos. 


with the 


3- Problems which an artificial earth’ 


S satellite can 
resolve 


It must be said that modern science has studied very little 
about space to which the first artificial satellites of the earth 
were consigned. Many cosmic puzzles are yet to be solved. 

It is difticult to define at present the entire range of 
problems which will be resolved by the satellites. However, 
the following problems have to be Investigated: (1) determina- 
tion of density, pressure and temperature of the upper layers 
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of the atmosphere ; (2) exact measurements of the geometrical 
dimensions of the earth, continental distances and other geodetic 
measurements; (3) a detailed observation of solar radiation ; 
(4) study of the intensity of cosmic and other radiation per- 
meating the terrestrial atmosphere ; (5) determination of the 
chemical composition of the surroundings of interplanetary 
space: (6) observation of terrestrial cyclic currents ; (7) deter- 
mination of the distribution of crust mass at the cross-sections 
of the earth by orbital planes of the artificial earth’s satellite , 
(8) study of the propagation characteristics of radio-waves in 
the upper lavers of the atmosphere and provision of radio com- 
munication and television by means of a satellite; and (9) 
earrving out of astronomical investigations with a view to 
studving the heavenly bodies without atmospheric and other 
disturbances. 

Study of the atmosphere: We shall begin with the 
nearest and the most well-known atmosphere. It is called the 
gaseous laver which surrounds our planct. Without air life on 
the earth would be impossible, as all life needs atmospheric 
oxygen for sustenance. Bivers, seas and oceans also exist 
because of atmosphere. It protects us from the intolerable 
heat of the sun’s ravs, solar radiations harmful for the 
organism and, finally, the milliards of meteorites which would 
exterminate life on the earth in its absence. A vast majority 
of them burns up without reaching the earth only because of 
the existence of atmosphere. , 

In spite of the fact that man has been studying atmos- 
phere for long, he still knows very little about it. Atmosphere 
extends to a height of 800, maybe even a thousand and 
odd, kilometres (Fig. 1). However, instruments for atmos- 
pheric investigation could be hoisted until recently at a few 
tens of kilometres. Although powerful research rockets 
increase this height significantly up to 400 kilometres and 
more, yet they render little help towards a solution of this 
problem, because, as has already been pointed out, they 
carry out observations during a limited time and only on a 
very restricted region. The first Sovict artificial earth’s satel- 
lites conducted investigations in cosmic space at different 
heights, ranging up to 1,700 kilometres. 

Atmosphere is extremely heterogeneous in itself as judged 
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by its composition, as well as by density, temperature and other 
characteristics. It chiefly consists of nitrogen and oxygen, and 
of hydrogen, carbon dioxide and the so-called inert gases— neon, 
argon, krypton, xenon and helium-—to a small extent. In the 
upper layers of the atmosphere have been discovered recently 
rare isotopes of beryllium, lithium and boron, whose origin has 
not vet been ascertained. It is not known whether they descen- 
ded from space through the cosmic rays, or appeared as a result 
of the interaction of the cosmic rays with atmosphere itself. Not 
to speak of meteorites, very fine particles of meteoritic dust 
carried away from the cosmos also float in atmosphere. 

Atmosphere is heterogeneous and it is assumed to be 
‘divisible into four layers depending on density. Troposphere is 
the densest layer. It is nearest to the earth and has been 
studied most. Troposphere’s thickness is not uniform. Near the 
equator it reaches 18 kilometres and at the poles 9 kilometres. 
Troposphere comprises nearly 80% of the whole atmosphere. 
‘The majority of all natural phenomena, viz., thunderstorm, 
snowfall, rain and wind, with which we are familiar, take 
place in troposphere ; masses of clouds are also formed there. 
All these processes are really very significant for man. 

Higher than the troposphere is located the layer called the 
stratosphere. It is considerably bigger and attains a height of 
$0 kilometres; in its lower Jayers the temperature is 
—50-60°C, then at a height of 35 to 66 kilometres it increases 
markedly and goes up to 4-70°C. Thereafter, the temperature 
falls again, hitting almost 100°C at a height of 80 kilometres. 
From this point approximately, it sharply rises again and 
reaches +100°C at a height of nearly 120 kilometres. The 
stratosphere has been studied to a lesser extent than the tropos- 
phere, but in its lower layers aeroplanes have already begun to 
fly, and the upper layer is investigated by means of sounding 
balloons, radio-sounding apparatuses and rockets. 

Between the stratosphere and troposphere lies a com- 
paratively thin layer nearly 1-3 kilometres called the tropo- 
pause. The height of this layer is variable and depends upon 
the season ; during winter this layer is situated lower than in 
summer. 

The stratosphere ts followed by the fourth and the last layer 
‘called the ionosphere. This Jayer possesses the maximum range 
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and stretches up to a height of 800 kilometres and possibly 
even higher. It seems to have been studied the least. The 
ionosphere represents an intensely rarefied gaseous atmosphere 
containing a huge quantity of ions and free electrons. It is 
a good conductor of electricity. The ionosphere also does not 
appear to be homogeneous and can be subdivided into 
several layers, which can be distinguished from one another on 
account of their properties. Jonospheric investigations are 
carried out by means of radio and spectographic methods. In 
the ionosphere, such phenomena as the aurora, with which we 
are quite familiar, take place. Remote radio-communication 1s 
possible on short-waves only due to ionosphere in which the 
layers reflecting radio-waves consist of ionized gases. 

Noises and cracklings which we hear sometimes during the 
course of radio-transmission are also due to the existence anc 
action of theselayers. The height of the lavers from which 
radio-waves are reflected ranges from 100-400 kilometres. 

For some time past, it has been ascertained that wind with 
velocities attaining 300 metres second! exists in the ionosphere. 
A variety of heterogeneities called the ionized clouds has also 
been discovered. 

Nevertheless, all these data pertaining to the ionosphere 
are of an extremely fragmentary character. The scientists 
have proved the imperfection of our information regarding 
this region. Indeed, a number of phenomena occurring in the 
ionosphere have not been explained still. 

The upper lavers of the atmosphere are subject. to continu- 
ous reaction of powerful solar radiation, which includes clec- 
tromagnetic waves of varying length from radio-waves to ultra- 
violet and x-ray. Corpuscular radiation consisting of fast 
electron currents, ionized atoms of hydrogen, helium, calcium, 
etc., and the cosmic rays—the particles of huge energv released 
from interstellar space and penetrating to the terrestrial 
atmosphere with a colossal velocity—also act on these 
layers having ionized and smashed gaseous matter on the way. 
The cosmic rays on reaching the earth’s surface also preserve 
the energy sufficiently as to be able to penetrate the earth’s 
mass down to several kilometres. 


13-23. 
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S. N. Vernov, an associate member of the Academy of 
Sciences of the U.S.S.R., has pointed out in an article! that the 
possibility of setting up a scientific laboratory beyond the 
earth appeared first with the production of the artificial satel- 
lites of the earth. Instruments having been installed in such a 
laboratory can carry out different kinds of measurements, and 
also an inspection of the radiation reaching us from universal 
expanse, v2z., the cosmic rays. 

This radiation represents a flow of atomic nuclei of various 
elements ilving with velocities extremely close to that of light. 
As has been revealed by experiments conducted by D. V. 
Skobeltsin as early as the year 1927, individual particles of the 
cosmic rays possess verv great energy. Most of them have an 
energy of billions of electron volts, or even more. In the com- 
position of the cosmic rays are also present particles of signi- 
ficantly more energy. Already, efforts to discover particles 
with energy reaching billion electron volts have succeeded. 
So, the high energy of the cosmic ray particles makes it. possible 
for the physicist to exploit them effectively for “bombardment” 
of atomic nuclei and for a study of those rules which hold 
good only in case of exceptionally high energy of colliding 
particles. 

Naturally, the question arises: how do the cosmic rays 
originate / Doubtlessly, they begin their journey, as a rule, far 
from the earth and even from the solar system. Sometimes, 
though very rarely, the cosmic rays originate in the sun. In 
such instances, violent actions have been observed on the sun. 

The cosmic rays produced in the sun consist of particles 
possessing little energy. It shows that the rate at which 
the phenomena proceed on tlie sun is very small in comparison 
with what is required for the generation of the cosmic rays. 

But where do these gigantic processes take place in the 
universe ? In order to answer this question, it 1s necessary, first 
of all, to study the constitution of primary cosmic radiation. 
The atmospheric particles of cosmic radiation impart a portion 
of their energy, sometimes extremely significant, to the 
secondary radiations during collision with the atomic nuclei. 


1 See “Penetration into the Secrets of the Universe” in Pravda,. 
Nov. 18, 1957. 
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Due to the high energy of the cosmic ray particles, secondary 
particles are generated. Therefore, not only at the earth's 
surface, but even in the stratosphere we study not only 
primary radiation which comes from the cosmos, but essentially 
its numerous descendants. 

To study the primary cosmic rays, it is necessary to raise 
the required scientific apparatus beyond the limits of the 
terrestrial atmosphere. Until now, apparatuses could be lifted to 
great heights only by means of sounding balloons, stratospheric 
balloons and rockets. In the case of the first two lifting devices, 
primary radiation was masked by the secondary. In the last 
case, viz., rockets, the measuring time was restricted to a 
few moments. 

The artificial satellites of the earth provide a likelihood of a 
-complete study of the composition of primary cosmic radiation. 
Apparently, still more new components of cosmic radiation 
will be discovered, thereby revealing many secrets of the uni- 
verse. 

The physicists have been trying to determine the life 
of the cosmic rays with a view to knowing how much time 
has elapsed since the particles of cosmic radiation acquired 
great energy and started wandering over the universe. It 
would appear to be a very difficult problem, but it is possible to 
answer it, making use of the cases that the longer the cosmic 
rays travel in the universe, the greater the number of collisions 
‘experienced by them with the atoms of interstellar surroundings. 
With such collisions entering the composition of the cosmic 
rays, the atomic nuclei of heavier elements will disintegrate 
comparatively and from their ‘‘fragments’’ will emerge the 
nuclei of lighter elements. 

We find the atomic nuclei of various elements in the 
cosmic rays. The more the atomic nuclei of a given element 
in the cosmos, the more their number increases, acquiring a 
great energy. Experiments show that the composition of the 
‘cosmic rays is essentially similar to the different elements 
prevailing in the universe. Some elements, e.g., lithium, bery]l- 
lium and boron, are present in the cosmos in a very small 
degree. At the same time, the nuclei of these elements often 
emerge during the disintegration of heavier nuclei. Thus, if 
such nuclei are found to exist in the composition of the 
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primary cosmic rays, it means that cosmic radiation has been 
travelling through the universe for a long time. 

It is extremely difficult to locate the atomic nuclei of 
various elements in the composition of the cosmic rays. Pro- 
gress can be made in this direction by using the special counters 
which record the Vavilov Cerenkov Radiation. The intensity 
of this radiation sharply increases with an increase of atomic 
number of the nucleus, which has flown past across such a 
counter. As has been shown by experiments,! conducted by 
L. V. Kurnosova, L. A. Razorenov, and M. I. Fradkin, such a 
method can be utilized for an analysis of primary cosmic 
radiation, and an attempt can be made, in particular, to discover 
in its composition the nuclei of lithium, beryllium and boron. 
By this method one can also look for the nuclei of 
many other atoms, particularly heavy atoms of elements in 
the composition of the cosmic rays. Great opportunities offered 
*bv sputniks enable us to undertake new experiments to find out 
electrons as well as the tiniest particles of light—the photons— 
in primary radiation. If these new components had been 
detected even in a small quantity, our knowledge regarding the 
origin of the cosmic rays would have been more advanced. 

One need only recall in this connection that magnetic fields 
exist in the cosmos. Therefore, the primary particles of cosmic 
radiation carrying the electric charge move with high speed 
along curved trajectories. By inspecting these particles on 
earth, we cannot detect their origin, as the original! direction of 
their motion is completely lost owing to oscillation in magnetic 
fields. Contrary to this, the photons move practically rectili- 
nearly. Therefore, if one succeeds in detecting them, they can 
indicate better than any other radiation as to where in cosmic 
space the cosmic rays originate. 

In this way, the study of the composition of primary 
radiation makes it possible to discover a series of phenomena. 
taking place in the cosmos, throw light on the question of the 
origin of the cosmic rays, and verify a number of results of 


1, §.N. Vernov, V. L. Ginzburg, L. V. Kurnosova, L. A. Razorenov 
and M. I. Fradkin, “Investigation of the Composition of Primary Cosmic 
Radiation.”” Journal Advances of Physical Sciences, Sept. 1957, Vol. 63, 
Nos. 1a,1b. The State Technical Publishing House, Moscow. 
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V. L. Ginzburg’s hypothesis about the formation of the cosmic 
rays during the ignition of ultra-modern stars. 

Detailed observations of primary cosmic radiation can 
be carried out with the help of the artificial satellites of the earth. 
The possibility of detecting even comparatively small variations 
of intensity of different components of this radiation is revealed. 
At any rate, it is most interesting to investigate the nature 
of these particles of cosmic radiation, the quantity of which 
varies in a specific case. The application of the satellites helps 
us to accomplish it. 

One can record for this purpose the number of primary 
particles and simultaneously the ionization produced by them. 
Thus, it becomes possible to separate the variations of intensity 
of the fundamental components of the cosmic rays consisting of 
nuclei of hydrogen atoms—protons—from the variations of 
nuclei of heavier elements. Instruments situated on the sur- 
face of the earth cannot achieve such a separation. By means 
of satellites, a completely new approach to an analvsis of the 
processes originating with the cosmic rays is also possible. 

The number of primary particles can be measured by means 
of a counter of charged particles. As has been shown by 
experiments conducted by N. L. Grigorov, Yu. I. Logachev, 
A. N. Charakhchiyan and A. E. Chudakov, it is possible to 
design an apparatus extremely economical in the consumption 
of electric energy.} 

The measurement of ionization produced by cosmic radia- 
tion beyond the atmospheric limits presents considerable 
difficulties. However, it is feasible by means of a method 
developed by A. E. Chudakov. In the apparatus, which flies 
beyond the atmospheric range, an electric charge is stored for 
calculation of ionization. With the removal of this charge, 
an impulse crops up which is conveyed to the earth by radio. 
Ionization produced by the cosmic rays can be judged by the 
magnitude of this impulse. 

The orbits of the artificial sputniks encircle nearly the whole 
globe. In this connection, there appears the possibility of 


1. S. N. Vernov, Yu. I. Logachev, A. E. Chudakov, and Yu. G. 
Shafer, ‘Investigation of the Variations of Cosmic Radiation.” Journal 
Advances of Physical Sciences, September 1957, Vol. 63, No. 16, p. 160. 
The State Technical Publishing House, Moscow. 
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‘studying the relationship of the intensity of cosmic radiation to 
latitude and longitude. This relationship is conditioned by the 
variation of the primary cosmic rays in the magnetic field of 
the earth. Therefore, one can analyse the composition of cosmic 
radiation by utilizing the whole earth as a huge measuring 
instrument. The dissemination of this radiation on the globe 
also enables us to explore the magnetic field of our planet. 

Instruments for the study of the cosmic rays had been 
placed on the second artificial satellite of the earth. As was 
shown by a preliminary processing of the data obtained, the 
instruments worked normally. Data were obtained regarding 
the relationship of the intensity of the cosmic rays to the geo. 
magnetic latitude. 

There is no doubt that the instruments installed on the 
satellites will. in the long run, offer an opportunity to track 
continuously primary cosmic radiation. In this way, the 
cosmic rays will become a powerful medium for the exploration 
of the universe. 

However, only a prolonged observation of the cosmic rays 
by means of an artificial earth’s sateltite will shed some light 
on the conditions of their passage and the problem of their 
origin. Evidently, the final solution of the question will be 
possible after an investigation of the interstellar ionized matter, 
electromagnetic fields associated with the stars and the turbu. 
lent motion of the interstellar ionized matter by means of 
interplanetary and interstellar ships. 

The artificial satellites were launched exactly during the 
maximum of solar activity. The scientists had discovered long 
ago that the number of spots on the sun where huge explosions 
take place, followed by magnctic storms, disruption of radio- 
communication and an increase in the number of aurorae in 
the earth’s atmosphere for several hours, increases after eleven 
years approximately. It is presumed that during this time the 
currents of the nuclei of helium, hydrogen, neutrons and 
other particles fly towards the earth. The last maximum of 
solar activity occurred in the years 1947-49 and was expected in 
1958-59. Detectors installed on the satellite can investigate 
the composition and intensity of solar radiation. With 
the help of photon counters, it will be possible to locate and 
explore the short-wave ultraviolet radiation down to the realm 
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of mild x-rays, which are strongly absorbable by the 
atmosphere. 

The investigation of this short-wave radiation is extremely 
important even for many problems of physics of the terrestrial 
atmosphere, as it ionizes the molecules of air and is responsible 
for the formation of ionospheric layers in the earth’s atmosphere. 
The apparatus (Fig. 42 B) used on the second artificial satellite 
for recording the short-wave radiation of the sun has been 
described in the section “Radio Equipment of the Satellite.”’ 

As the satellites fly according to elliptical orbits, so the 
distances among them and the earth vary and, consequently, 
it becomes possible to make use of them for exact determina- 
tion of the atmospheric density at different heights. This is an 
extremely significant question for the development of modern 
guided missiles and also for gaining an overall acquaintance of 
the cosmos. Investigations proceed through an observation 
of the velocity variation of the satellite’s flight. The fact is 
that even at a very considerable height there exist layers of 
rarefied, gases, which, although present in small amounts, 
demonstrate the resistance to the motion of the satellite and 
slow down its velocity gradually. 

The observations regarding the velocity variation of the 
satellite are carried out simultaneously by the optical method, 
or by means of radio-location from several terrestrial stations, 
during which the most insignificant variations are recorded 
quickly with the most accurate observing devices. The data 
obtained by different stations make it simultaneously possible to 
visualize, on an adequate comparison, the atmospheric density 
at a given height according to a change of the orbit of the 
artificial earth’s satellite. The artificial satellite will also enable 
the carrying out of a number of extremely important aerodyna- 
mic measurements and observations indispensable for the design 
of rockets and jet aircraft, which cannot be carried out in any 
aerodynamic wind tunnel. 

The study of the temperatures in the upper layers of the 
atmosphere also constitutes a very significant problem. Owing 
to the use of exploratory rockets, some data in regard to the 
temperature of the troposphere, stratosphere and the bottom 
layers of the ionosphere have been obtained ; however, the 
problem of temperature in the upper layers of the ionosphere and 
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cosmos has not been examined at full length. In this zone, the 
presentation of temperature differs from the usual. The point 
is that although the particles of air or independent elements 
of the ionosphere have also a large velocity corresponding to 
high temperature (beyond 2,000°), they fly at such large 
distances from one another that the sputnik or the rocket in 
contact with them does not get warm. The temperature 
of the satellite or the rocket will depend only on the magnitude 
of the heat got from the sun. The latter depends, in turn, on 
the material from which it has been prepared and also on the 
colour of its exterior surface, as well as whether it will 
rotate alternately, exposing one side or the other to the sun’s 
rays, or whether only one side will remain turned to the rays 
of the sun all the time. Thus, it can be said that the study 
of the upper layers of the atmosphere and the phenomena 
occurring there will mean the solution of one of the problems 
connected with the satellite. 

Weather forecasting : Everyone knows how significant 
is weather in our life. It exerts considerable influence on 
agriculture, navigation, activities connected with aviation, etc. 
Weather also plays a great part in military engagements: 
operations of the air force, artillery, naval fleet, landing opera- 
tions : and even the efficacy of the ground forces depends on it 
to a large extent. 

In this connection, the correct forecast of weather acquires 
a special significance, whether it is a short-term or a long- 
term forecast. But, as is well known, such forecasts are not 
usually much reliable. Errors in the forecasting of weather 
are explained chiefly by the incorrect original data and, still 
more predominantly, by the absence of generalized data regard- 
ing the meteorological phenomena taking place round the 
entire globe. 

When a number of artificial earth’s satellites will have been 
launched, during a few hours of their flight around the earth in 
different orbits, meteorological observations over many States 
could be possibly accomplished simultaneously, and the results 
transmitted to the earth systematically. Then, the forecasting 
of weather will doubtlessly be more accurate. In the present 
case, the study of solar light reflected in space by clouds is of 
special significance. It may be mentioned in passing that 
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artificial earth’s satellites will render great assistance even in 
the matter of acclimatizing the arctic and the antartic, and 
transmitting to the earth more precise data regarding the 
accumulation of ions and their motion. 

Geophysical observations: As the very name reveals, 
the observations of this type appear to gain primary considera- 
tion in the third International Geophysical Year. 

Scientists have established long ago that the earth is not 
truly spherical, but rather flattened at the poles. The body 
of such a form is called a geoid. However, even this form does 
not appear to be absolutely precise, but only an approximate 
determination. So also, the dimensions of the earth were 
ascertained by science not much accurately. It follows that 
our modern geographical, nautical, military and other maps 
also contain errors, more errors if a large area is represented 
on the map. These errors are disclosed with the use of maps 
for the purposes of navigation and aviation; they play a great 
part even in military affairs. We shall consider the last 
question in some detail. 

Intensive work is being done in a number of countries on 
the creation of intercontinental guided missiles, which will be 
capable of operating at such a huge distance as 8,000-16,000 
kilometres. It was mentioned in foreign press that if errors of 
the map did not have a substantial significance for ordinary 
artillery, at distances thousands of kilometres away they lead 
to the possibility of the missile dropping so far removed from 
the target that the latter would not be smashed even if the 
missile were accompanied with a nuclear charge. 

Making the form and dimensions of the earth more precise, 
the distance between the isolated continents, and even between 
the geographical spots, can be defined accurately by means of 
the artificial satellites of the earth. For this, the so-called 
triangulation method should be used. This method consists in 
the carrying out of observations during the satellite’s flight in 
orbit by means of optical radio-location instruments simultane- 
ously from several terrestrial stations, allowing the determina- 
tion of distances in which we are interested with a maximum 
accuracy. 

Thus, the scientific fellow-workers of the Cartographic | 
Board of the U.S. Army working on the islands of the Pacific 
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Ocean wanted to make use of a new method of locating the 
position of these islands and of their plotting on the map during 
the International Geophysical Year. This method is based on 
the utilization of data obtained by radio from an artificial 
satellite of the earth. Already, the errors in the location of the 
position of the islands have gone up to one and a half kilometres. 

The new method appears comparatively an easy one for 
quickly determining the location of islands. It is supposed 
that the accuracy of location will be approximately ten times 
greater than that obtained by the astronomical method being 
applied at present. By means of the new method, the islands 
of Uek, Huam, Meduel and American Samoa will be plotted on 
the maps. To meet this end, the Scientific Investigation 
Laboratory of the U.S. naval fleet has developed radio-equip- 
ment which has been given the name ‘‘Minitrek,’’ the working 
of which has been explained below. The data obtained from 
the satellite will be transmitted to the Cartographic Board of 
the U.S. Army in Washington, on the basis of which an exact 
location of islands will be made. 

We are accustomed to think that the velocity of the earth's 
rotation is uniform, and that tle earth completes every revolu- 
tion about its axis in 23 hours 56 minutes and 4 seconds. 
However, this belief was questioned at the start of this century. 
Observations were carried out continuously for fifty years, 
which proved that the motion of the earth was not uniform. It 
has been ascertained that the difference between the uniform 
time and the time determined according to the velocity of the 
earth’s rotation from the year 1900-50 was approximately 25 
seconds. But scientists have also established that the velo- 
city of the carth’s rotation does not vary in accordance with 
some well-known law: it decreases sometimes and_ increases 
other times. Whereupon, if the variations in the daily 
velocity of the earth’s rotation are so insignificant that they 
could be neglected even in the most accurate calculations, there 
may also be certain cases in which annual variations of the 
velocity of the earth’s rotation have to be accounted for. The 
causes of this phenomenon have not been ascertained so far, 
and one can expect that the launching of the artificial satellites 
of the earth possessing different velocities into different orbits 
will help to clear up this question.” 
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The observations of scientists have shown that the axis of 
the earth’s rotation is not directed continually towards some 
point in space, but it shifts while circumscribing a conical 
surface in space. This phenomenon is called precession. The 
earth’s axis proceedes very slowly. It describes a full cone in 
the course of 36,000 years. Simultaneously, it also performs 
oscillations called nutations. The period of nutation of the 
oscillation is approximately eighteen years. These phenomena 
as well as the causes giving rise to them are known to science 
since long, but the satellite’s flights can promote a more detailed 
study of them. 

It is also known that the thickness of the earth’s crust is 
not uniform and its mass is distributed unevenly. It means 
that the forces of the earth’s pull also do not operate uniformly. 
It has been estimated that the geometric centre and the centre 
of gravity of the earth are approximately situated at a distance 
of 500 kilometres from each other. This fact does not bear a 
special significance to habitat on the earth and is not even per- 
ceived. Nevertheless, it has a great significance for cosmic flights 
and especially for the artificial satellites of the earth, or for 
long-range guided rockets, as it will exert considerable influence 
on the orbit of the sputnik or the rocket. This question has 
been studied very little. The fact that the earth’s mass is 
distributed unevenly will also probably be settled consequently 
on observing the deviation of the first satellites in flight from 
the orbit computed beforehand. 

The artificial satellite of the earth will enable the study of 
the earth’s magnetic field in greater detail and clarify the 
question of its origin. The fact is that, till recently, the magnetic 
field of the earth was studied only at its surface, or at little 
heights from its surface. The data regarding the intensity of 
the earth’s magnetic field and the direction of its magnetic 
lines of force at a greater distance from the earth did not exist. 
These data will be obtained with the help of an artificial 
satellite of the earth. 

A mathematical analysis of the data of the terrestrial 
magnetic measurements has led to the conclusion that the 
magnetic field, being observed at the earth’s surface, consists of 
two parts: one caused by sources located inside and the other 
by those outside the eartlt. The investigation of the daily 
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variations of the earth’s magnetic field and the phenomena 
connected therewith has further led scientists to presume that 
an external magnetic field can be produced by systems of 
electric currents outside the earth’s surface. The upper con- 
ducting layers of the earth’s atmosphere appear to be the most 
probable spot where such currents can originate. 

It is still assumed that the currents can be even beyond 
the ionospheric range. Charged particles-- corpuscles ejected 
from the sun—entrapped by the magnetic field of the earth and 
rotating round it in the plane of its magnetic equator at a 
distance of some ten thousands of kilometres from it can be 
the source of currents beyond the ionosphere. These currents 
become stronger when the earth gets into the range of intensive 
corpuscular fluxes ejected from the active regiors of the sun. 
Thus emerge the magnetic storms. The magnetic field shifts 
them to the zones of aurorae and decreases the intensity of the 
cosmic rays. 

The object of magnetic measurements on sputniks can be 
the verification of the existence of currents beyond the ionos- 
phere, the derivation of data regarding the ionospheric system 
of currents, and the broadening of our knowledge of the 
principal part of the field being produced by sources within the 
earth. It is possible to check up by carrying out measure- 
ments on the sputnik whether the fluxes of solar particles are 
neutral or consist of electrically-charged particles of any one 
sign. 

The data regarding the field being formed by external 
sources can be obtained from a juxtaposition of the measured 
values of the field with the values calculated theoretically on 
the assumption that the field is produced only due to sources 
inside the earth. Having known the ficld of extraneous origins 
at heights, one will be able to evaluate its role in geomagnetic 
effects better. It is not ruled out that this role can be 
sufficiently large in individual cases. It is particularly possible 
that the non-coincidence of geomagnetic equators of the earth, 
which has been observed for sometime past consequent on the 
computation of the data of terrestria] magnetic measurements of 
the intensity of the cosmic rays, can be produced by an action 
of the cosmic rays due to extraneous sources of the field on the 
charged particles. 
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While observing a decrease in the intensity of large magne- 
tic abnormalities (called universal or continental) with height, 
it will be possible to obtain important additional informations, 
on the basis of which we shall be able to judge whether the 
sources of these anomalies are located near the surface of the 
earth or at a great depth corresponding to the nucleus of the 
earth. Very complicated, extremely sensitive and heavy ins- 
truments essential for the artificial earth’s satellite called the 
magnetometres are employed for an investigation of the earth’s 
magnetic field at its surface. The satellites will obviously be 
equipped with magnetometres designed as light-weight as 
possible. 

Study of meteorites: A huge number of meteorites of 
the most varied dimensions is present in the cosmos— from 
giants weighing tens of thousand tons up to the smallest 
meteoritic dust. A portion of them rushes towards the earth, 
but only very few, most coarse and thick ones, reach it. ag the 
remaining meteorites burn up on their passage through the 
atmosphere. In the top layers of the atmosphere, where the 
forces otf friction originating during the flight of meteorites 
do not produce temperatures high enough to burn them up, 
they become a big danger for the satellite and cosmic ships of 
the future, as their velocities are very great. The velocity of 
meteorites ranges from 1,220 metres/sec. to 61,000 metres ‘sec. 

The scientists have estimated that to guarantee the safetv 
of the satellite in the course of a year with only fine meteorites 
acting on it, it must have a thickness of the Duralumin jacket 
of 1°5 millimetres, or of stainless steel jacket of 0°6 millimetres. 
According to the other scientists, for ensuring the continued 
existence of the satellite for several years, it is sufficient for the 
satellite to have stainless steel walls of a total thickness of 
0°3 millimetres. It must be marked that the disruptive force 
of the meteorite will depend not only on its velocity, but also 
on its mass. Even a meteorite having a negligible mass of 
Q'2 grams and a velocity of 60 kilometres/sec. will generate 
energy corresponding to that of a Joad of 36 kilograms dropping 
from a height of 10 metres, during which all this energy will 
be centred essentially at one point on account of the small 
dimensions of the meteorite. The temperature generated at 
the hitting of such a particle against the frame of a satellite or 
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a cosmic vessel will be able to fuse its wall; and in spite of the 
insignificant dimensions of the aperture obtained as a result, a 
break-down may occur, especially if the frequency of collisions 
is great, and of such type there will be many. 

By means of the first satellites, the probability of an 
encounter of cosmic ships with meteorites, the degree of danger 
involved by such a meet, and the defensive measures against 
meteorites were studied. 

On more ideal sputniks will be installed also radio-location 
contrivances of light bulk, which will spot the ionized trails of 
meteorites. Such satellites will perform a meteoritic service. 
With their help, one will be able to foretell summer or not- 
summer, ‘“‘meteoric weather’ for travellers proceeding to inter- 
planetary or interstellar space. 

Much attention has already been paid to the questions of 
meteoritic protection of the sputnik and the changes under - 
gone by metals and other materials in cosmic space under the 
action of the intensive bombardment by ionized particles while 
launching the first satellites. The results of such measurements 
will help to evolve perfection in the quality, materials and 
designs for the construction of new cosmic rockets. It has 
been ascertained that the meteoric danger for the satellites has, 
in fact, proved much less than what was supposed earlier. 

The investigation of the meteoric erosion of the satellite 
can be carried out by means of very small piezoelectric 
microphones fixed in the jacket of the satellite. Semi-conductor 
devices for measuring the deformation of the loaded instru- 
ments are used to give the stresses produced in the satellite. 

Astronomical observations: Astronomy is one of the 
most ancient sciences. Mankind is familiar with many con- 
stellations, stars and planets from time immemorial. After 
the invention of Galileo’s telescope, our knowledge in this field 
has increased considerably. At present, in many countries of 
the world there are extremely perfect telescopes, which have 
helped in discovering many new stars and achieving great pro- 
gress in the field of astronomy. But if the atmosphere 
appears, on the one hand, as a reliable protection from meteorites 
or harmful radiations, on the other hand, to the regret of 
astronomers ‘it puts up a considerable hinderance in the way of 
their studies of celestial bodies. Such characteristics of the 
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atmosphere as the dispersion of light, vibration of the non- 
uniformly heated layers, or its tremulous conduction of infra-red, 
ultraviolet and other rays are a great hinderance to the work 
of astronomers. Even the most ideal telescopes cannot cope 
with these disturbances. 

There is only one way out of these difficulties, namely, 
carrying the telescopes beyond the limits of the atmosphere. 
But this, again, can be accomplished only by means of a satellite. 
Even on the first uninhabited sputniks some astronomical 
media of observation capable of working automatically have 
been projected, and the results of these observations recorded 
on a special film will be set inside an adaptor, which will be 
transported to the earth by an extremely complicated system. 

Study of the upper layers of the atmosphere: The 
study of the manifold physical phenomena proceeding in the 
upper layers of the atmosphere is very interesting from the 
scientific view-point. The measurement of the energy of the 
solar and ultraviolet rays as well as of the intensity of the 
cosmic rays in relation to latitude has a bearing on this study. 
It will necessarily make our knowledge about the recently dis- 
covered so-called mild x-rays, which concentrate in the zones 
of aurora polaris, more precise. It will also be possible to 
determine the massiveness of atoms and hydrogen ions in 
interplanetary space. Furthermore, observations can be carried 
out on cyclic electric currents existing round the earth. 

Finally, investigations can also be carried out in various 
other fields, such as, determination of temperature and pressure 
by means of observations on the emission of shell explosions 
issuing from the satellite at definite time intervals and spotted 
from different points of the earth’s surface ; determination of 
masses of ions by specially designed spectrometres : exploration 
of ionospheric conductivity ; investigation of the relative con- 
centration of electrons and positive ions along the orbit of the 
sputnik ; and measurement of the light energy by means of 
photoelectric photometres with the purpose of studying the 
comparative intensity of certain spectral lines of molecular 
oxygen and the spectrum of phosphorescence of air. All these 
investigations can be carried out or are already being carried 
out in the upper layers of the atmosphere by means of altitude 
exploratory rockets of different designs. 
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At many places on the globe—in Europe, America, 
Greenland, and the centre of the Pacific Ocean, at the equator 
and in the U.S.S.R.—rockets were lifted repeatedly by means 
of automatic devices and attained a height of hundred 
kilometres. They took the photograph of the surface of the 
earth from a height of 162 kilometres (Fig. 2), and a variety 
of scientific observations and investigations were carried 
out. 

An application of the artificial satellite of the earth for a 
solution of the investigations referred to offers a possibility to 
carry them out on an incommensurably large scale than it 
would be possible to do with the help of rockets, and on a much 
broader basis. 

The detailed investigations of the ionosphere and its electric 
and magnetic phenomena, aurorae polaris, etc., will give a 
chance to make more precise theories underlying these pheno- 
mena. The various devices and apparatuses of the artificial 
satellites of the earth and the interplanetary ships of the future 
will be possible of production on the basis of these theories. 
The problems of the study of the upper layers of the atmos- 
phere are mostly identified with those of interplanetary 
communications. 

Many of the above-mentioned phenomena cannot generally 
be observed from the earth, balloons and aerostats, and even 
by means of altitude rockets. It is true that presently scientists 
have succeeded partially in probing the upper layers of the 
ionosphere by means of altitude rockets. Consequent on the 
probings, tables have been formulated showing the variations 
of density, temperature and pressure of the atmosphere with 
height. Its permeability for different lengths of clectro- 
magnetic waves, curves of electron and ion density have also 
been plotted. Besides, the current-carrying layers appearing 
during the time of maximum variation of the earth’s magnetic 
field have been located. 

Incomplete measurements of the ultraviolet and x-rays of 
the sun have been carried out, and some types of charged 
particles identified and their individual concentration relating 
to the ionospheric height determined. The first trials regarding 
the study of the cosmic rays have been completed. But all these 
are only timid steps on the road to an extensive front of 
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scientific explorations, the road which is still untread by the 
first artificial satellite of the earth. 
Experimental verification of the theory of relativity! : 

The artificial satellites of the earth can also be utilized for 
future experimental verifications of the general theory of 
relativity enunciated during 1905-17 by the famous scientist, 
Albert Einstein. 

The modern physical theory of space and time is called the 
theory of relativity. This theory correctly reflects the processes 
that take place with velocities comparable to the velocity of 
light. It constitutes the physical foundation for a series of new 
domains of engineering and appears to be the basis of the 
modern theory of elementary particles, and also extends its con- 
clusions to the most varied fields of physical sciences from a 
design of the accelerators of atomic particles to the problems 
of cosmology.2. Thus, an exact experimental verification of 
this theory is a perfectly obvious necessity. However, its 
experimental verification is extremely intricate, as the effects 
of this theory are extremely little within the bounds of our 
solar system and with small velocities reached by man. 

The most noticeable phenomena following from the theory 
of relativity appear to be: displacement of perihelion of the 
planets, diffraction of the light rays by the sun, and the effect 
of the gravitational displacement of frequency. All these 
phonomena have been explained below. 

The displacement of ANGULAR BIAS 
perihelion of the planets OF THE PERIHELION 
results in the tilting of 
the plane of the planet’s 
orbit, in course of time, 
through some angle in a 
definite direction (Fig. 
3). At Mercury, with 
the maximum displace- =i 
ment of perihelion PIB 8: eae cn eu 


~ 


1, Journal Nature, No. 9, 1956, pp. 30-39. 

2. Science of the infinite universe as a unified connected whole, 
and of the entire field encompassed by the observations of the world asa 
part of the universe ; it appears as an inalienable part of astronomy closely 
associated with physics. 
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amongst all the planets of the solar system, this angle equals 
approximately 40” in a century. 

The effects of the diffraction of the light rays by the sun 
and of the gravitational displacement of frequency are 
explained by the fact that the energy of any form is associated 
with mass. Therefore, the light rays, passing by the sun or 
any other body, must be diffracted as light has mass. During 
the time of solar eclipses, it has been discovered that the sun 
-diffracts the rays going round it by approximately 2”’. 

As light radiating from the sun has some mass, it must 
-overcome the pull of the sun and,’consequently, consume some 
energy. This consumption of energy is associated with a de- 
crease in the frequency of electromagnetic oscillations of light 
-according to the theory of relativity. The effect of the gravita- 
tional displacement of the frequency of light constitutes 
0°0,002% approximately. The above-mentioned quantities are 
very difficult to measure owing to their smallness. 

The use of the artificial satellites of the earth opens up new 
courses of verification of the theory of relativity. The detour 
‘of perigeums (in case of utilization of the satellites of the earth, 
perihelion is designated perigeum) of the artificial satellites can 
exceed by thirty times the detour at Mercury. The year of 
observations by the satellite can prove itself equivalent to the 
century of observations by Mercury. Besides, the use 
of radio methods will obviously help to increase the accuracy 
of measurements. 

It will also be possible to discover yet one more effect of 
the theory of relativity, which we fail to notice in the solar 
system. This effect consists in the supplementary displace- 
ment of the perigeum of the satellite dependent on the earth’s 
rotation. At the same time, the effect of the gravitational dis- 
placement of frequency could also be observed by setting up on 
the satellite a transmitter of a strictly stable known frequency 
and recording the frequency of signal being received on the 
earth. finally, from an artificial sputnik moving beyond the 
atmospheric range, one can measure the luminiscence of meta- 
galactics, t.e., the aggregate of stellar systems lying beyond 
the limits of our galactics. It has an intrinsic significance for 
cosmology. As cosmology is based on the general theory of 
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relativity, the determination of the brilliance of metagalactics 
appears to be linked with the problems of this theory. 

Application of three artificial earth’s satellites for 
universal telecasting : The application of the artificial satel- 
lites for purposes of universal telecasting is an extremely alluring 
idea. It can be practically realized in the next seven to ten 
years after the launching of stationary satellites on the equatorial 
orbit at a distance of 35,800 kilometres from the earth. 

As is known, the radius of the efficacy of television centres 
is limited, since the transmission of television programmes is 
carried out on ultra-short-waves, which, generally speaking, are 
disseminated in the direct visual range. In order that television 
transmissions are received over a large area, it is necessary to 
raise the transmitter higher than the telecentre as much as 
possible, or to apply radio relaying by special cables, or by 
chain relay system. It is absolutely apparent that by means 
of an artificial earth’s satellite, the field of view of which will 
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Fig. 4. Scheme of the operation of telecentres of universal tele- 
casting by means of three artificial earth’s satellites (A, B, V—sputniks ; 
3— earth). 


be located over very vast areas of the earth, it is possible to 
increase significantly the radius of the efficacy of television 
centres and the ranges at which one can relay radio trans- 
missions. | 
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There are many schemes to accomplish universal telecast- 
ing by means cf three artificial earth’s satellites!. The launching 
of these satellites must be done from one point situated at the 
equator with a time interval of eight hours. The orbital plane 
of all the three sputniks must tally with the equatorial plane 
(Fig. 4). In addition, the satellites will be carried around at 
120° along the orbit, and their angular velocity must be identical 
and equal to that of the earth owing to the immovability of the 
sputniks with regard to each other and the earth, 7.e., each 
sputnik will be situated above the same transmitting television 
centre. It is true that under the influence of an uneven dis- 
tribution of the earth’s mass, the orbit of the satellites will shift 
by 20 angular seconds per hour in a direction opposite to the 
earth’s rotation. This shift does not affect the relative position 
of the satellites, as it is identical for all the three satellites, nor 
does it affect the quality of television transmission. It leads to 
the conclusion that in 2°5 years all sputinks will be shifted 
through 120°, and each of them would appear above that spot, 
where 2°5 years ago was its western neighbour. 

Let us assume that the satellite is equipped with three 
antennae : one directed towards the earth by receiving and 
transmitting parabolic antennae and the two others directed 
towards the neighbouring satellites. 

It is possible to assign the requirements that are exhibited 
by the directional characteristics of antennae, and also to work 
out an approximate schedule of operation of the system of 
universal telecasting, if such conditions are maintained that 
the direction of radio transmission from satellite to satellite and 
between the earth and the satellite never tallies with the course 
of solar radiation. This condition must be fulfilled, so that the 
radio emission of the sun is not picked up by the receiving 
antennae and to cause strong disturbance at the radio 
reception. 

For eliminating the disturbances from radio emission of 
the sun, continuous operation of all the transmitting and receiv- 
ing antennac of the sputnik is guaranteed by the following 
schedule of their working during 24 hours. 


1, This project was described by authors in native periodicals. See 
Journal Radio, No. 6, 1956, pp. 28-31. Here it. is given in some- 
what revised form. 
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The teleobservers on the earth can accordingly receive 
transmissions that are being relayed by local telecentres from 
ll p.m. to 3 a. m., and from 1] p.m. to 3 p.m. only. But from 
3a.m.toll a.m. and from 3 p. m.to1l p. m., they can look 
for transmissions from other towns of the globe. in addition to 
local telecommunications. For instance, if the artificial satellites 
will be situated at longitudes corresponding to the U.S.8.R., 
China and the U.S.A., the teleobservers of the U.S.S.R. will be 
able to see American teletransmissions, in addition to their 
own, from 3 a.m. to 7 a.m. and from3 p.m. to 7 p.m. 
Besides, they would also be able to receive transmissions, which 
are observed during this time by the teleobservers of China, 
from 7 a. m. to 11 a. m. and from 7 p.m. to 1] p. m. {n China, 
in the aforesaid interval of time, one can receive accordingly 
the transmissions of the U.S.S.R. and the U.S.A., and in 
‘America those of China and the U.S.S8.R. 

As the angular dimensions of the earth during observation 
from a sputnik situated at a height of 35,800 kilometres consti- 
tute approximately 17°, it is obvious that the width of the 
pattern of directivity of TR antennae of the artificial earth’s 
satellite should not exceed 17°. This width of antennae 
directed towards the neighbouring satellites must equal approxi. 
mately 4°. 

On account of the motion of the sputnik’s orbit referred to, 
(20 angular seconds per hour or 8 angular minutes in 24 hours), 
one is obliged to shift the directivity pattern of terrestrial 
receiving and transmitting antennae after 24 hours to the west 
by 8 angular minutes, and cross-hatched counter-clockwise 
by 32 seconds at the operation schedule of the satellite square. 
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If this is not done, obviously, a correction of the position 
of the satellites has to be applied, so that they would not. 
“‘slip,” far from the place assigned to them. 

The selection of wave-length which can be utilized for the 
system of universal telecasting is influenced by two important 
factors : the necessity of small weights and dimensions of the 
apparatus, and directional characteristics of antennae installa- 
tions, as long as the conditions of emission of radio- waves in 
cosmic space have not been investigated. But it is possible to 
say that a reception of the television programmes from the earth 
at the sputnik will be accomplished, probably, on the metric 
wave-band and vice versa, taking into account the minimum 
weights and dimensions of apparatus, and also on the decimetric, 
centimetric or millimetric bands, 2.e., microwaves. The 
connection between the satellites will be known on the 
centimetric or millimetric wave-bands. 

The main weight of radio equipment will depend on the 
power supply. That is why the creation of light atomic power 
supply has a great significance towards the realization of 
circular tele vision. 

It should be noted that similar satellites equipped with 
relay systems would help to replace a multitude of telephone- 
telegraph exchanges, increase the range and strengthen the 
radio reception of broadcasting stations. 


4- Cosmic velocities and conditions of existence of an 
artificial satellite of the earth 


The satellite moves round the earth as a celestial body. The 
motion of the satellite is also subordinated to those very laws of 
celestial mechanics as the motion of the moon around the earth, 
and also the motion of the earth and other planets of the solar: 
system around the sun. These laws were discovered by Kepler. 
Modern celestial mechanics is based on the law of universal. 
gravitation discoverd by Newton. 

The motion of the satellite around the earth proceeds 
with great velocity. Had the earth’s pull been absent, the 
sputnik would move in vacuum uniformly and rectilinearly. 
The earth’s attraction distorts its trajectory and compels the 
satellite to bend round the earth, and to move around it along: 
the surface. 
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The motion of the satellite can bé compared to that of a 
stone, to which is fastened a cord at oneend. Holding the 
other end of the cord in hand, it is possible to untwist it so as 
to force the stone to rotate in a circle. Since we shall 
deflect the stone throughout from the upright course and force 
it to distort the trend of its motion, the cord will be drawn 
all the time. Its tensile strength depends on the velocity of 
the stone’s motion ; it increases with the increase in velocity. 

During the sputnik’s motion, the force of the earth’s attrac- 
tion plays the part of the cord. However, there is an intrinsic 
difference, viz., the force of attraction operating on the satellite 
appears to be a completely specific quantity. Therefore, the 
rotary motion of the satellite around the earth is actually 
possible only with some specific velocity. For the satellite 
moving relatively near the earth’s surface, this velocity equals 
approximately 8 kilometres/seconds. 

It may be asked: why is this velocity identical for 
bodies of any weight ? Well, the force of attraction acting on 
the heavier body is greater, and such a body must move round 
the earth along a circular orbit with a Jarge velocity, subject 
to the force of attraction. However, if it is taken into consider- 
ation that the heavier body is more difficult to deflect from 
the rectilinear motion, being just as many times as its weight 
is more, it becomes clear that the velocity of the satellite’s 
motion should be independent of its weight. For this reason, 
the velocity of the motion along the orbit, which occurred for 
the first satellite of the U.S.S.R., was approximately the same as 
for the second satellite. It will be identical for other satellites 
as well, which were proposed to be launched in the Soviet Union 
during the course of the International Geophysical Year. 

The force of attraction towards the earth diminishes with 
an increase of distance from the earth. Therefore, the sputnik 
at a higher orbit must move with less angular velocity. With 
the motion of the satellite in different orbits placed within a 
range of an order of 1,000 kilometres above the earth’s surface, 
the differences in the velocity of the motion are comparatively 
small. However, for a sputnik moving at considerably large 
distances from the earth, the velocity of the motion is shown 
substantially less. So, the moon, which also appears as a 
satellite of the earth and is situated at a distance of 38,000 
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kilometres approximately from it, moves round the earth with 
a velocity of nearly 1 kilometre/sec., 1e., with a velocity 
smaller by eight times approximately than that of a satellite 
flying near the earth. If the path traversed by the moon round 
the earth, which is much larger than that of the motion of an 
artificial satellite in one revolution, is taken into consideration, 
it becomes clear why the moon completes one revolution 
around the earth more than eight times slower than the sputnik, 
and much more slowly. The moon completes one revolution 
in about a month, during which period the first sputnik had 
completed nearly fifteen revolutions in every 24 hours. 

In. order to enable the satellite to move along the orbit at an 
assigned height, it is essential to work out its velocity as 
thoroughly as possible. It is, however, not possible to create 
a sputnik moving along the same orbit but with some other 
velocity. That the velocity of the motion of the satellite at a 
higher circular orbit is smaller leads us to conclude that at the 
time of drawing out of the sputnik to such an orbit, it is 
mecessary to accelerate it up to a very small velocity. This does 
not indicate in any way that the launching of a satellite at a 
comparatively higher circular orbit is simpler than at a lower 
orbit. 

The rocket carrying a satellite must have so large a 
velocity that the satellite should move in a higher orbit. This 
velocity must be developed in order to attain the requisite 
height, so that the motion along the attained orbit could 
proceed with such a circular velocity that the originating 
centrifugal force would neutralize the force of gravity, and 
permit the rocket, all by itself, to circle the earth while not 
dropping on it. This is possible with the specific velocity and 
at a little height, even of the order of a few kilometres, but. as 
we know, air-resistance is considerable at low heights. 

Air appears to be one of the main obstacles to high velo- 
cities in the atmosphere, and in our case the velocity of the rocket 
must be huge. Besides, let us not forget that even ‘“V-2,” 
while flying through the denser layers of the atmosphere almost 
vertically, got warmed up to a temperature higher than 540°C. 

A rocket flying in the atmosphere with velocities much 
larger than in the case of ‘“‘V-2” will simply burn out. Con- 
sequently, it becomes necessary to create such a minimum 
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height of rocket flight above the earth that the atmospheric 
effects would possibly be negligible. 

Many scientists have been occupied with calculations of 
rocket velocity that is necessary for the launching of an 
artificial satellite of the earth to a specific height. The formula 
expressing theoretically the minimum velocity, which is neces- 
Sary to transmit to the rocket on the earth for transferring it 
to the circular orbit, evinces great interest. This velocity (Vx) 
is called the characteristic velocity and appears to be the least 
velocity theoretically required to launch a sputnik. The 
formula for the determination of this velocity has the form 


z= 11, 190, / je 1-22[ msec ] (1) 


Here 1, is the radius of the age equal to 6,372,000 metres 
on an average, and r=7,-+h, where h is the height of the flight 
of the sputnik above the earth. In this way, knowing the height 
of the sputnik’s flight above the earth, the reader can easily 
determine by making use of the above-mentioned formula the 
characteristic velocity of the rocket. 

It may be pointed out that the formula for the characteristic 
velocity! reduced above is obtained during the determination 
of the quantity of energy, which must be imparted to the mass 
of the artificial earth’s satellite in order to guarantee for it the 
motion around the globe without falling on the earth. It is 
also evident from this formula that velocity V , varies depend. 
ing upon the distance of the orbit of the sputnik from the 
earth’s surface. 

Its least value will be at r=7ry, ¢.e., with straight flight of 
the rocket above the surface of the earth. In that case 


Ve = 11,1904 / += 7,912 Metres/Sec. (2) 


This velocity is usually designated the first cosmic velocity. 
But, as has already been established, it is impossible to realize 
the free flight of the earth’s satellite in the dense Jayers of the 
atmosphere owing to the presence of the force of air-resistance, 
as the atmosphere stops its flight quickly. 

It is obvious from this formula that the maximum value 


1. See article “On the Artificial Earth Satellite’ by U. Pote- 
_donostsev in Journal Herald of Air Force, No. 9. 1955. 
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of velocity V, is obtained by removing the orbit of the sputnik 
to infinity. ‘With r tending to infinity; V, tends’ to attain the 
value 11,190 metres'sec. It will also be the so-called second 
cosmic velocity. - 

Intermediate values of velocity V,. for different heights h 
are shown in table 1[ 

Tt is necessary to impart to the rocket a velocity greater 
than 11'2 kilometres/sec., so that it does not become a satellite 
of the earth and flies away in the cosmos, t.¢., within the range 
of the solar system. 

The force required to throw the artificial satellite at such a 
great height, and the means by which cosmic ships will attain 
such huge velocities will be discussed in the next chapter. 


TABLE I 


Value of the characteristic velocity V,. depending on the height of 
flight of the sputnik above the earth 


* = eee -_-— ee 


h-the average Value of the h-the average Value of the 
height of flight of | characteristic height of the flight’ characteristic 
sputnik above velocity V, in of sputnik above — velocity V, in 
the earth in metres/sec., the earth in metres/sec., 
kilometres calculated accord. kilometres calculated 
ing to formula (1) according to 


formula (1) 


—_ ~~ ee 


200 8,033 500 8,194 


220 8,043 600 8,246 
250 8,061 640 8,266 
265 8,069 700. 8,294 
280 8,076: 800 8,342 
300 8,089 966 8,417 
320 8,099 1,000 _ 8,431 
350 8,116 _ 1,730 ° 8,716 


400 8,143 


CHAPTER II 


WHAT MEDIA HELPED TO RESOLVE THE PROBLEM 
OF MAKING A SATELLITE 


1. Physical basis of jet propulsion 


What type of force will help man to conquer cosmic space ? 
It appears that such a force exists, and that man took 
note of it long ago. It is jet power. The father of the Russian 
jet technology, the ingenious K. E. Tsiolkovski, had precisely 
this force in view while visualizing interplanetary flights. 
What is the basis of this force ? What is its physical 
significance ? 

Our reader often comes across this force, but without 
paying any heed to it. It is precisely this force which 
gives a jerk to the shoulder while firing from a gun, and 
forces it to recoil after discharge. It is due to the action 
of this force that the firing and signalling rockets fly up 
in air. 

{It appears that an interplanetary ship of the future can be 
forced to go into the cosmos by jet power alone. Indeed, it was 
this force that made the launching of the first artificial earth’s 
satellite possible. 

The great English scientist, Newton, gave a classical 
explanation for the emergence of jet force in the third law of 
mechanics. This law states that every action has an equal and 
opposite reaction. The propriety of this law is easy to be judged 
by recalling a few well-known examples. A paddler, by pushing 
away a certain volume of water to one side by means of oars, 
forces the boat to move in the opposite direction. Similarly, 
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the propeller forces the ship to go forward by displacing some 
volume of water. 

Let us take note of one peculiarity. In the example cited 
above, the oars appear as the “arbitrator”? among the boat, 
man and water. This ‘arbitrator’ is called propeller 
in technology. The paddle wheel of the steamer, screw propeller, 
propeller of the aeroplane, caterpillar of the tractor, ete., will 
likewise appear as arbitrator (the term ‘‘motive power’ should 
not be confused with ‘motor’). The man on the steamer or the 
engine on the aeroplane will act as the motor. 

The examples quoted above, which illustrate Newton's 
third law of mechanics, are not unique. According to this law, 
it is possible to produce motion and that, too, without a motor. 

We fire a gun, the powdered gases knocking out the cart- 
ridge from the barrel, and the force of reaction, or the 
reactive or jet force, repels the gun back, 7.e., this force 
generates traction, thereby displacing the gun in a direction 
opposite to that of the motion of the powdered gases. We call 
this pull the force of repercussion, under the action of which 
the butt end of the gun gives us a push at the shoulder during 
firing. Let us now take the case of the boat. Suppose we 
have fastened our gun to its stern, directing the barrel 
opposite to that of the boat, and it fires continuously. It 
is natural that after every new fire under the action of the 
force of repercussion, 2.€., the reactive or jet force, the gun 
as well as the boat, which have been stationary until now, 
will move forward by jerks. Tull the stock of bullets is there, 
the boat will move. Such a principle of motion is called 
reactive, and the motors constructed on this principle, 1.e., 
which cause motion immediately without motive power, are 
called the direct reactance motors. 

It is possible to verify the action of the reactive jet 
power also by means of a simple experiment. If we start 
throwing stones into water facing the stern, we shall see that the 
boat moves in a direction opposite to the flight of stones. Thus, 
we can notice that the greater the velocity imparted to stones 
during throwing, the faster will the boat move. 

The above-mentioned examples also help us to understand 
the physical significance of the emergence of the reactive 
force, which is generated in the rocket motor during the 
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ejection of gases from its jet in the surrounding space. Gases 
that arise from the burning of fuel expand instantaneously and 
press the walls and bottom of the combustion chamber. But 
as their exit is located just opposite the bottom of the combus- 
tion chamber, the entire force due to the pressure of gases is 
concentrated at that point. So the gases that are evolved in 
the combustion chamber of the rocket motor, as if pushed away 
from its bottom, give a forward thrust to the rocket with a 
huge force forming the so-called pull of the rocket. At the 
Same time, gases themselves are ejected out with a large 
velocity through the jet in a direction opposite to the motion 
of the rocket. Hence, it is clear that if fuel and oxygen 
required for its burning are stored onthe rocket, it can move 
even in vacuum. 

l’veryone has seen the signalling rockets, or the rockets em- 
ploved for pyrotechnics. They appear to be the prototypes of 
rockets which will be flying in the cosmos. 

The earth’s attraction is the main obstacle for cosmic flights. 
In order to overcome it, as also to go out in space where 
the attraction of the planet on which we are flying will begin to 
predominate, huge amounts of energy are necessary. Even to 
launch a satellite weighing 45 kilograms at an orbit of 300-500 
kilometres trom the earth, it is necessary to expand energy 
corresponding to four to five days of work of the Dniepr 
State power station. At first glance, it seems impracticable. 
However, the German rockets ‘“‘V-2,’” which bombarded London 
during World War II, had already a motor of 500,000 
H.P. which, it is true, used to work nearly for one minute 
altogether. At present, such types of rockets have been 
considerably improved upon, and powers generated by their 
motors are significantly higher and measurable in terms of 
millions of H.P. 

In what lies the speciality of these enormously powerful 
motors ? What distinguishes them from all the common steam 
or the diesel engines ? 


2, Jet engines and their varieties 


We shall take, for instance, the most perfect aviation piston 
engine. It also generates sufficiently large power, is compact 
and is not particularly heavy. Nevertheless, it is not suitable 
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for cosmic flights because oxygen contained in the atmos- 
phere is essential for its working, and our rocket is intended 
for flight in space devoid of air. The steam or the diesel 
engine requires for its precise functioning atmospheric oxygen, 
irrespective of the fact that its weight per unit power generat- 
ed is extremely significant. 

Let us also remember another interesting fact. The ship or 
the aircraft moves because the screw propeller or the propeller 
of the aeroplane, while rotating, pushes away the water or 
air, and thus compels them to move forward. But there is no 
air in the cosmos; consequently, the propeller while rotating 
cannot produce traction. Therefore, the reactive motor or the 
jet engine, for whose operation dense enviroment, viz., atmos- 
phere, is not indispensable, appears to be the only possible 
motor for cosmic flights. Itis true that all types of jet engines 
do not have the potentiality of working in vacuum. 

The fact is that every jet engine brings about the motion 
of some instrument or the other as a result of the application 
of the reactance pull equalling the quantity of the motion of 
exhaust mass. If in a unit of time, mass ‘m’ is knocked out of 
the rocket with velocity Moe relative to the combustion 


chamber, the rocket experiences a pull P defined by the formula 
P=M V.. (3) 


As is evident from this formula, it is necessary to knock out 
a large mass of any material with maximum velocity in order to 
get a large pull. Consequently, this rejected mass is distinguish- 
ed by two types of reactive forces : rocket motors, during the 
functioning of which the ejection of matter, situated in the mobile 
apparatus, takes place ; and the air-jets, in which the entrapped 
air surrounding the apparatus and accelerated inside it by 
means of various mechanical or thermal appliances is expelled 
by the motor. For placing an artificial earth’s satellite in 
its orbit in the lower layers of the atmosphere, air jet motors 
can be made use of. In the upper atmospheric layers, rocket 
motors alone can be used. Rocket motors appear to be unique 
for interplanetary ships of the future. These motors can 
be propelled by powder, fluid, atomic, ionic or photon fuels. 
The first two types of rocket motors already exist and have 
achieved so much of perfection that scientists can launch 
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artificial satellites of the earth with their help. The remaining 
three types of rocket motors appear to be prospective and their 
practical realization depends on the further development of 
technology. But, at present, many countries of the world are 
engaged in intensive development of atomic rocket motors, 
and we shall learn soon about the flight of satellites with 
their help. 

We shall examine in detail how rocket motors and rockets 
are constructed. 

For the first time, Tsiolkovski explained the scientific basis 
of reactive motion and formulated an exact theory of rocket, 
which enables us to assess objectively the possibility of this mode 
of transportation. He established an analytical relationship 
among the velocity acquired by the rocket, the rate of escape of 
gases from the motor jet, the total weight of the rocket and the 
weight of fuel being carried. This fundamental formula has 
been named after Tsiolkovski. 

During the course of his scientific investigations, Tsiolkovski 
arrived at a number of wonderful conclusions and demonstrated 
the possibility of attaining cosmic velocities by means of liquid 
fuel rockets, which are adequate not only for the production of 
artificial satellites of the earth, but also for flights to any planet 
of the solar system. Tsiolkovski’s priority in evolving the 
theory of reactive motion, the scientific principles of rocket 
technique and the plans of the conquest of the cosmos are 
irrefutable. His work was corroborated and supplemented by 
similar scientific investigations that were conducted in other 
countries much later, viz., by Eno Peltri in France in 1913, 
by Robert Goddar in America in 1919, and by Herrmann Obert 
in Germany in 1923. 

Tsiolkovski established a stable theoretical foundation in 
the new field of science and technology. His pupils and followers 
received support of the party and the government, and put in 
hard work to give a concrete shape to most of the things 
foreseen by him. Consequently, substantial scientific research, 
practical designs and the industrial basis for the successful 
development of rocket technique have been organized in the 
U.S.8.R. 

However, in several branches of science and technology, 
continuous work on a colossal scale is still required before the 
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conception of the great Russian scientist can be transformed 
from fantasy to reality. These ideas are being developed on 
the right lines, and we are witnessing the first steps of the con- 
quest of cosmic space by man, which, ‘until recently, was 
difficult to believe. 

Side by side with the scientists of the different countries of 
the world, significant contribution has been made by the Russian 
scientists in the production and development of jet motors 
based on the theory of reactive motion. For example, the 
theory of reactive motion developed by K.E. Tsiolkovski, 
N. E. Zhukovski, .V.Meshcherski, F. A. Tsandev, and others 
becaime the basis of jet technique. 

In the present book, it is not necessary to enumerate all the 
works of Tsiolkovski, which have already been published in a 
special collection by the Academy of Sciences of the U.S.8.R. 
in 1955, and his other works that are being issued. The 
pupils of Tsiolkovski, Soviet engineers and scientists have 
promoted his ideas and perfected his projects, thus inscribing 
the name of their teacher as the forefather of long-range rockets 
and liquid jet motors in the history of the development of jet 
technology. : 

In Fig. 5 is depicted an elementary arrangement of a 
liquid reactive motor with a balloon system of delivering the 
constituents of fuel and pyrotechnic ignition. A _ liquid 
rocket motor consists of the following main parts and systems : 
combustion chamber, where the preliminary process and the 
process of fuel burning take place ; jet, in which thermal energy 
of the products of combustion is transformed into kinetic energy 
of gases that escape from the motor; system of feed that 
guarantees the delivery of the components of fuel at the com- 
bustion chamber (the system of feed includes reservoirs contain- 
ing fuel and oxidizers, balloons containing compressed inert 
gas, steam producer, pump, supply lines, jets, etc.) ; refrigera- 
tion system of the combustion chamber for flaming the liquid 
rocket motors, in which the temperature exceeds 2,500°K ; 
control systems which ensure the accurate start of the motor 
and its performance (different cocks, valves, decelerators, 
chokes, triggers, break-down diaphragms, etc.) ; and the system 
of ignition ensuring the combustion of the fuel components in 
the combustion chamber at the start of the motor. 
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A liquid rocket motor is started by means of the 
manoeuvrable pneumo-electrovalve 1, which, when opened, 
makes simultancous 
contact with the igni- 
tion apparatus at 12. 
The inert gas compres- 
sed up to 300 atmos- 
pheres enters from the 
balloons at 3 in the 
decelerator 2, where 
the pressure drops to 
30 atmospheres, and 
the membranes at 6 in 
the fuel reservoir 5 and 
oxidizer reservoir 4 are 


9 tt 


13 
Fig. 5. An elementary Jayout of a 


put into action. Under 
the action of this inert 
gas, fuel and oxidizer 
go across the diaphra- 


liquid jet motor with the balloon system of 
fuel feed 

1—controlled pressure operated value; 2— 

reducing value ; 3—cylinders containing com- 

pressed inert gas; 4-—oxidizer tank; S5— 


- freed tank ; 6 and 7—pilot diaphragms ; 8— 
ou on / and valve valve ; 9—firing chamber; 10—burners; 
8, moving each accord- 11—cooling tract ; 12—ignition device: and 

13—nozzle. 


ing to their pipe 
lines respectively through the atomizers (jets) at 10 into the 
combustion chamber 9. On the way to the combustion cham- 
ber, one of the components of fuel passes along the refrigerating 
tract 11 of the combustion chamber and jet. Atomization and 
blending of the fuel components proceed only in the com- 
bustion chamber in averting an explosion. [uel components 
move to the combustion chamber in definite gravimetric propor- 
tions, z.e., definite weight ratio. The thermal energy of gases is 
transformed into kinetic energy in the nozzle 13,which develops 
the motor traction communicating acceleration to the rocket 
on which the motor is mounted. 


3. Liquid rocket motors 


The first liquid rocket motor was designed, built and tested 
as early as 1931 by the Soviet engineer, F. A. Tsandev. Again, 
during those years, successful flights of a liquid rocket designed 
by the Soviet scientist, M. K. Tikhonravov, took place. The 
combustion chamber maintaining high temperatures was invent- 
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ed in the year 1929 by the Soviet engineer, P. I. Shatilov, which 
accelerated the production of the design of the liquid rocket 
motor. Further improvement on the design of the liquid rocket 
motors was made by the Soviet engineers, L.S. Dushkin and 
A.M. Isaev. The theory of the liquid rocket motors was worked 
out by F. A. Tsandev, I. I. Kulagin and other Soviet engineers 
and scientists. 

The liquid rocket motors can have either a pumping system 
of feed of the fuel components in the combustion chamber or the 
balloon system of feed in an overwhelming majority. The second 
system appears to be the simpler of the two and is applied for 
motors of comparatively smaller rockets. The first system, v2z., 
the pumping system, is applied in long-range rocket motors. 

The selection of a concrete system of fuel feed of rocket 
motor and its components is determined first and foremost by 
the purpose of the motor, its dimensions, fuel, pull, the nature 
of flight and useful life, as well as by the general requirements 
-of the simplicity of design, manufacturing facilities, operational 
convenience and chiefly minimum weight. 

The liquid rocket motors function either on the liquid fuel 
components or on liquid used as fuel, while others use gas as 
an oxidizer. 


4- Mechanism and working principle of the liquid 
rocket motor of a stratospheric rocket 


We shall examine the liquid jet motor of a stratospheric 
rocket, of which several types are known to us today, as an 
example of a jet motor having a pumping system of fuel feed 
in the combustion chamber. The example given is that of a 
liquid jet motor used in the first stage of a stratospheric two- 
stage rocket (Fig. 6), the second stage of which attained a 
height of 425 kilometres in the year 1954. 

The main outline of such a liquid jet’motor, along with its 
essential units, is shown in Fig. 7. This motor works on a double 
constituent fuel consisting of ordinary ethyl alochol 75°, (fuel) 
and liquid oxygen (oxidizer), which are stored in two separate 
big tanks. Fuel provision on the rocket reaches beyond 9 tons, 
which comes to almost 5/6 of the overall weight of the rocket. 
As regards volume, the fuel tanks constitute a large part of the 
entire volume of the rocket. In spite of such a large quantity 
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of fuel, it suffices only for 75-90 seconds of the performance of 
the motor, because such a motor consumes more than 125 kilo- 
grams of fuel in a second while developing a pull of 25 tons on 
earth. The rate of escape.of gases from the motor jet reaches 
more than 2,000 metres/seconds. 

As is obvious from Fig. 7, the basic parts of the motor 
appear to be the globular combustion chamber 4, jet nozzle 
1, steam generator, turbine pumps for fuel feed and control 
system. The combustion products expand in the motor nozzle 
till the pressure at the exit equals 0°8 kilogram/cem?, and they 
acquire a large velocity also. The diameter of the combustion 
chamber is 950 mi'limetres at its broadest part, that of the 
nozzle orifice 410 millimetres and that of the exit  cross- 
section 740 millimetres, while the length of the motor is 1,790 
millimetres. The weight of the combustion chamber with the 
nozzle is 420 kilograms. At the bottom of the combustion 
chamber are placed 18 burners (pre-combustion chamber/ante- 
chambers) at 3, the profile section of the chamber having been 
shown in Fig, 8. The oxygen, supplied by pump 16, enters 
the burners through the pipe-line 5 in central atomizers, and 
alcohol coming out of the cooling jacket goes through a coil of 
small atomizers round every burner. Such a design of the 
ante— chambers ensures sufficiently fine atomization and mixing 
of fue., which are necessary to achieve complete combustion 
during that short time (hundredth of a second) while the fuel 
remains in the combustion chamber. 

As the verv name indicates, the combustion of fuel takes 
place in the combustion chamber, 7.e, the transformation of 
chemical energy of fuel into thermal energy, and in the nozzle 
occurs the transformation of thermal energy of the combustion 
products into kinetic energy of the current of gases issuing into 
the: atmosphere. 

The pressure in the combustion chamber is of the order of 
16-17 atmospheres, and the temperature reaches 2,400 — 2,500°C, 
owing to which a large thermo-electromotive force emerges in 
the combustion chamber, 7.e., a huge quantity of heat is 
liberated in it inunit time. As regards thermal intensity, the 
combustion chamber of the liquid jet motor excels considerably 
all the other combustion devices—furnaces of steam boilers, 
cylindcrs of internal combustion engines, combustion chambers 
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Fig. 6, Double-stage altitudinal rocket 


THE PROBLEM OF MAKING A SATELLITE 47 


Fig. 7. Principle of a liquid rocket motor 

1—nozzle; 2—fuel supply system {for ,internal cooling; 3—cup (pre- 
combustion chamber); 4—combustion chamber; 5—pipe for supply 
of liquid oxygen to cups ; 6—main propellant alcohol valve; 7—pipe for 
supply of fuel to the cooling jacket; 8—high-pressure tanks ; 9—tank 
containing catalysts ; 10—reducing valve for air pressure ; 11—reactor; 
12—tank containing hydrogen peroxide; 13—main oxidizer valve; 
14—fuel pump; 15—turbine; 16—oxidizer pump; 17—pipe for the 
steam gas supply to the turbine ; and 18—pipe for discharge of fuel in 
the pump during engine failure. 
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of air-jet motors, etc. For the sake of comparison, we may say 
that in the combustion chamber of a liquid jet motor such 
quantity of heat is liberated in a second which is sufficient to 
boil nearly 600,000 kilograms of water. Thus, rocket motors, if 


OXYGEN 
SUPPLY 


Fig. 8. Ante-chamber of the motor of a stratospheric rocket 


not cooled, can operate only for 25 seconds.'! It is also essential 
to cool the walls of the combustion chamber as well as of the 
nozzle intensively, lest the former should go out of order owing 
to the huge quantity of heat liberated in it. 

The cooling of the motor is accomplished in the following 
manner. The bulk of alcohol is fed in the cooling jacket constitut- 
ed of a double-walled chamber and nozzle before getting into the 
atomizers (spray burners) via the pipe-lines at 7 (Fig. 7). 
While moving with a considerable velocity along this jacket, 
the alcohol takes away the heat from the internal walls of the 
chamber and the jet and cools them. This system of cooling, 
having been suggested by Tsiolkovski again, is also efficient 
because the heat drawn off from the walls is not lost and 
returns to the chamber afresh. But only external cooling of 
the motor walls appears to be insufficient and, therefore, for 


1, See D. Satton, Rocket Motors, 1952, p. 150. The Foreign 
Literature Publishing House, Moscow. 
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lowering the temperature of the walls simultaneously, refrigera- 
tion is applied to their interior surface. For this purpose, the 
Walls have small apertures situated in several cyclic belts 
(at 2 in Fig. 7) in a number of places, and the alcohol enters 
the inside of the chamber and the jet across these apertures 


Fig. 9. Steam gas generator of a stratospheric rockct 


J—tank containing hydrogen peroxide ; 2—reactor ; 3—tank containing 
permanganate solution ; and 4—reducing valve. 


(ncarly Ol of the total input of alcohol). The cold layer 
of this alcohol flowing and evaporating on the walls insulates 
them from direct contact with the jet flame and lowers the 
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temperature of the walls by itself. In spite of the fact that 
the temperature of the gases washed from within the walls 
reaches 2,502°C, the temperature of the interior surface of the 
walls, as has been revealed by experiments, does not exceed 
1,000°C. 

The compression and supply of fuel in the motor are carried 
out by centrifugal pumps 16 and 14. The steam gas turbine 
15 serves as a gear of pumps. The turbine and the two pumps 
are connected by a common shaft from the turbine pump 
which has an assembly capacity af 465 H. P. and weights 160 
kilograms. 

The requisite steam gas for turbine operation is developed in 
the steam gas generator by the decomposition of concentrated 
hydrogen peroxide (H,O,). With the decomposition of H,O,, the 
quantity of heat sufficient to warm up the products obtained 
on decomposition to a temperature of 400—500°C is liberated 
(depending upon the concentration of H,O,). In the presence 
of a catalytic agent, the decomposition of H,O, proceeds quickly 
and is reliable. The concentrated solution of potassium perma- 
nganate KMNO, serves the purpose of such a catalytic agent. 

The steam gas generator (Fig. 9) consists of a tank of 
hydrogen peroxide 1 and a small reservoir containing a 
solution of permanganate 3. The substances are conveyed 
to the reaction vessel 2 through their displacement from the 
tanks by compressed air. The compressed air is stored in 
balloons;gas cylinders 8 (Fig. 7). Before entry into the tanks 
of the steam gas generator, the pressure of air is lowered in the 
reducing valve (decelerator 4). Ina second, 2 kilograms of 
steam gas are generated in the steam gas generator, thus 
ensuring the requisite turbine power. The weight of the steam 
gas generator with all the requisite accessories is 148 kilograms. 

Thus, the liquid jet motor of a similar stratospheric rocket 
is relatively simple, especially by comparison with the ordinary 
piston aviation motors. In the power system of this liquid jet 
motor, as for other motors also, operating parts are almost 
completely absent. It is true that in comparison with other 
liquid jet motors this motor has a complicated system of 
control and regulation. 

How does this motor work ? To answer this question, we 
shall begin with the trigger. 
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As the mixture of oxygen and alcohol does not appear to 
be a self-reactive fuel, t.e., it cannot catch fire spontaneously, 
so for the commencement of burning, it is necessary to make 
provision for some ignition system. In the case of the liquid jet 
motor under consideration, the ignition system consists of an 
electro-fuse flare, by means of which are ignited pyrosockets 
fastened to the plane of a rotating circular table, which is 
installed inside the combustion chamber in such a way that the 
reactive force issuing from the gases forces this table to rotate. 
Owing to this rotation, the incandescent products of the 
combustion of pyrosockets nearly charge the motor chamber and 
warm it up thoroughly. With the attainment of the requisite 
initial heat (after 2-3 seconds of the setting off the trigger), the 
magnesium strip located in the most inaccessible spot of the 
chamber burns out. It seems to bea signal for the prolongation 
of the start. The main alcohol valve 6 (Fig. 7) and the main 
oxidizer valve 13 open slightly up to 2-3 millimetres by means 
of an electro-pneumatic system. Alcohol and oxygen begin to 
enter the combustion chamber in relatively small amounts by 
gravity. Fuel supplied to the motor is ignited owing to warm 
powder gases, and the combustion proceeds more intensely. 
After 2-3 seconds comes the stability of the fuel combustion. 
For this reason the operator launching a rocket by means of an 
electro-pneumatic system includes a steam gas generator and 
a turbine pumping unit in the operation. 

The water vapours and gaseous oxygen produced by the 
steam gas generator set the turbine wheel in rotation, and are 
thereafter discharged in the atmosphere. Turbine power is 
expended completely at the gear of both the fuel pumps (oxygen 
and alcohol). This power is significant ; with 400 revolutions/ 
minute of the turbine wheel it is 500 H. P. 

The fuel consumption in the combustion chamber reaches a 
nominal value of 125 kilograms/sec. during 1-2 seconds after 
the turbine pump assembly has begun to function, the pull 
increases up to 25 tons, and the rocket flies up. Thus, from 
the moment of the kindling of the ignition Jet up to the time 
the motor develops complete traction, only a few seconds 
elapse. 

It is interesting to note that the velocity of the rocket’s 
flight attains approximately 5,500 kilometres/hour, 7.e., 1,525 
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metres/sec. during nearly 70 seconds of flight of the strato- 
spheric rocket along a flat trajectory or on disconnecting the 
motor. At this moment, the motor develops a power almost. 
equal to 600,000 H. P. 

The insignificant weight of the liquid jet motor, as compared 
to the traction developed by it, is not by any standard a less. 
interesting technical characteristic. With the weight of the 
motor nearly 1,000 kilograms, its pull reaches 25 tons, so that 
the specific gravity of the motor, i.e., the weight per unit pull, 
equals altogether 1,000/25,000 = 0.040 kilograms/kilograms' only. 
We shall indicate for comparison that an ordinary piston 
aviation motor has a specific gravity 1-2 kilograms, kilograms, 
i e., 25 times more. It is important all the more that the specific 
gravity of the liquid jet motor does not vary with a change of 
the velocity of flight, whereas that of a piston motor increases 
rapidly with an increase of velocity associated with a decrease 
of pull developed by the motor. A large number of diverse 
schemes of the liquid jet motor characterized by the following 
peculiarties have been brought about till now : 

1. The components of fuel are supplied to the combus- 
tion chamber simultaneously, and the combustion 
continues uninterrupted. 

2. The course of operation does not depend on the 
conditions of externa] surroundings. Therefore, the 
liquid jet motor can generate a pull in a compar- 
atively dense atmosphere as well as in vacuum. 

3. The value of the pull developed by the motors does 
not depend on the travelling speed of the apparatus. 
With an increase in the altitude of flight, the pull 
increases, attaining the maximum possible value 
for the given dimensions of the motor in vacuum. 
The motor can generate the maximum traction 
during a very short interval. 

4. Ina majority of cases, the oxidizer, which is one 
of the constituents of fuel, serves as the coolant. 
Its gravimetric consumption per second exceeds 
considerably that of fuel in certain cases. The heat 


1, 


K. A. Gillizin, From Rocket to Cosmic Ship, 1954. The State 
Publishing House of Defence Literature, Moscow. 
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absorbed by the oxidizer is introduced by it afresh 
in the combustion chamber, so that the losses 
to the walls during the heat emission are insigni- 
ficant. 
The volume of the combustion chamber is not signi- 
cant. The specific gravity of the motor assembly 
is not large and is of the order of 0°04 kilogram. 
of weight/kilogram of pull. 

The characteristics and the drawbacks of these motors 
are : 


nr 


1. A large gravimetric and specific fuel consumption 
per second exceeds considerably that of an air—jet 
motor, vz., of the order of 18 kilograms of 
weight kilograms of pull, thereby allowing relatively 
little time for operation. 

2. Aggression of the components of fuel towards metals 
causes difficulty during their storage and use. 

3. The intricacy of accomplishment and regulation of 
the supply of the fuel components and the ignition 
systems. 


5 Powder propelled motors” 


The powder rocket motor seems to be another type of 
rocket motor, which is applied at present in rockets for the 
investigation of the upper layers of the atmosphere and can be 
utilized during the launching of an artificial satellite of the 
earth. Earlier such a motor was employed in war powder 
rockets. It should be noted that the Russian powder rockets 
have always excelled considerably the foreign types as regards 
the tactical characteristics. In the year 1815, a talented 
officer of the Russian Army, Major A. D. Zasyadks, had 
embarked on the construction of war rockets. These 
rockets were used in warfare, and the demonstrated nice 
manoeuvrability, long range and accuracy, which guaranteed 
them considerable battle success. In the middle of the 19th cen- 
tury, the rockets were markedly improved upon by Lt.-General 
K. I. Konstantinov, a most talented inventor and scientist. He 
perfected the machine tools considerably for the production of 
rockets as well as appliances for the triggering of rockets, and 
the battle characteristics of rockets themselves were boosted 
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up. The attention of the Russian scientists was focussed on 
the maximum development of powder rockets. It is widely 
known that the famous mortars of the guards of the Russian 


Army gave an everlasting reputation to the Soviet jet arms 
during the civil war. 


SECTION : 7 S 
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Fig. 10. A powder rocket motor 
I—rocket case; 2—combustion chamber; 3—motor nozzle; 
4—powder charge (powder pipes) ; S—diaphragm ; 6—front igniter; 
7—back igniter ; and 8—trap orifice 


The powder rocket motor (Fig. 10) appears to be the 
simplest in arrangement of all the types of rocket motors known 
to us. Its main elements of construction are : body (frame) 1, 
combustion chamber 2, nozzle 3, powder charge 4 and dia- 
phragm 5. As distinct from other jet motors, in the powder 
rocket motor the entire supply of fuel is concentrated in the 
combustion chamber itself. Even then, the dimensions of the 
‘combustion chamber are determined by the quantity of powder 
contained in it, which is essential for ensuring the computed 
range of the rocket flight. Nozzle 3, as in any other rocket, is 
intended for the transformation of thermal energy of powder 
gases into kinetic energy, which establishes the magnitude of 
the reactive force. The powder charge 4 consists of powder 
tubes or scimitars which can have different forms and densities. 
During the selection of the form, density and dimensions of 
powder scimitars, the guiding factor is the necessity to guarantee 
their combustion for a longer period and uniformity of pressure in 
the combustion chamber with a variation of volume. Diaphragm 
with apertures 5 maintains the powder scimitars in the chamber 
in a fixed position. The front ignition device 6 ensures the 
conditions of uniform and reliable ignition of the whole powder 
charge, and the back ignition device 7 marks the beginning of 
powder ignition. The bottom of the combustion chamber 8 
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(apertures of the frame work) appears to be the place where 
the principal composite pull applies. 

There are two basic types of powder charges: the 
burning of a portion of the surface and of the entire surface. 
In charges of the first category, a portion of the outer 
surface is covered by a substance which checks combustion ; 
consequent on this burning such charge can proceed only 
along the surface not covered by the substance. Charges with 
combustion along a portion of the surface burn like a cigarette 
from one end to the other. The motors with these charges 
usually have a greater duration of performance than with 
charges of the second variety. The data of motors with charges 
of both types are shown in table 2. Some charges have a partly 
restricted surface of burning ; in these cases the chemical com- 
position which impedes burning is coated only on certain facets 
of the charge. 

In the process of burning of the powder charge in the 
combustion chamber, the pressure rises from 100 up to several 
hundred atmospheres, and the temperature also exceeds 2,000°C. 
Therefore, the combustion chamber of a powder rocket motor is 
designed for high pressures, consequent on which the gravimetric 
characteristics of the motor increase, as the walls of the com- 
bustion chamber must be made extremely durable. 

The disintegration or the breaking of powder scimitars 
in the process of burning involves an increase in the surface 
of burning, an increase of volatilization and, consequently, 
an abrupt local increase of pressure, which can blast the 
combustion chamber. 

Nitro-glycerine powders used in the powder rocket motor 
ensure the rate of the escape of gases of the order of 2,700 
metres/sec. 

The powder in the combustion chamber burns up during 
the time ranging from 1/10th of a second up to 100 seconds. 
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TABLE 2} 
Compare of basic types of powder rocket motors 
' Charge with combus- 


Charge with combustion’ 


Characteristic tion along the part of 
along the entire surface | __ the surface = 
Pull (traction) in From 200 to 2 >. 700 : From 50 to 2,500 
kilograms 
Duration of burning From 0.05 to 10 | From 3 to 100 
Total impulses in From 10 to 90,000 | From 700 to 35,000 
kilograms/sec. : 
Field of application Artillery, aviation, anti- | Start motors, 
aircraft, rocket shells, booster motors, 


gliding/levelling bombs | altitudinal rockets, 
and signalling rockets, and the last stage 
etc. | for the launching 
' of artificial 
earih’s satellite 


Weight in kilograms | From1.3to900 —| ~ From 9 to 600 | 


The area of burning appears to be the most important 
factor of all powder motors, which specifies the magnitude of 
their pull. As the pull of a motor is equal to the product of 
the mass of gases discharged in a second and the rate of their 
escape, it is obviously possible to get a large pull by increasing 
the weight of gases ejected per second. In such a powder 
motor, it is possible to attain an increase in the area of burning. 
Similarly, if the area of burning is small, one can obtain little 
pull with correspondingly Jarge duration of work. With the 
given size of the combustion chamber, a variation of the area 
of combustion can be achieved only by means of the variation 
of the geometrical form and the distribution of powder charges. 
In Fig. 11 are shown a few forms of powder scimitars of the 
rocket charge, a limited application of which is possible to 
regulate the principle of the formation of gases according to 
time. 

In motors with the burning of charge along a portion of 
the surface, the charge usually occupies the whole combustion 
chamber and burns only along the plane surface (fig. 1] A). 
Due to this, pull appears, which is proportional to the value 
of the cross-sectional area of the chamber, and the duration 


1 Supplementary table borrowed from the book Rocket Motors 
by D. Satton, 1952, p. 287 (translation from American publication). The 
Publishing House of Foreign Literature, Moscow. 
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‘of burning is proportional to the length of the charge. 
“This type of charge allows the maximum use of the volume 
of the combustion chamber. 
Charges with combustion along 
a portion of the surface have 
almost a continuous surface of 
burning. 

Charges with combustion 
along the entire surface 
generally consist of one or 
‘several cylinders with a cir- 
cular or specially shaped cross- 
section, as shown in Fig. 11 B. 
In the case of application of 
hollow cylindrical scimitars, 
the combustion surface has 
almost a constant size, as in 
this scimitar the burning out 
of the exterior cylindrical 
surface tends to decrease and 
that of the interior surface to 


=z 


Fig. 11. Various types of powder 
rocket charges 


‘increase. In this way, the A— with restricted burning of the 
a ‘ charge 

variation of the size of the B— unrestricted burning of -the 

‘burning surface proceeds only charge 


; C— multigrain charge 
on account of reduction in p_ star-shaped charge 


‘plane surface If the scimitar 

has a big length, the effect of the ends on the total burning 
surface is very insignificant, and it can be considered that the 
surface of combustion remains practically steady. 

In certain cases, ¢.g., for getting a large rocket velocity, it 
is usually imperative to obtain a rapid combustion of powder 
(in 0.1-0.3 seconds). In such cases, the area of scimitars is in- 
creased, their thickness decreased, and the many scimitars 
are charged (Fig. 11C). Many other more complicated 
‘forms of scimitars are also applied, e.g., star-shaped, which 
guarantee the requisite variation of the burning surface. 
(Fig. 11 D). 

In a number of cases, it is required to obtain a charge with 
.a little surface of burning, but which burns for a long time 
(10 seconds). It is essential, for example, for powder pressure 
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batteries. To slow down combustion, the so-called armoured 
scimitars are used. In these scimitars, a part of the powder 
surface is coated with plastic, which does not burn itself and 
insulates the scimitar surface covered by it against ignition. 

The powder rocket motors have the following distinctive 
features and peculiarities : 

(a) They develop a large impact in a very short time— 
in a tenth of a second ; 

(b) They have a large rate of powder combustion 
(20-25 metres/sec.) ; consequently, they are effec- 
tive, as a rule, for a short time. 

‘c) They have a Jarge ratio of pull to initial weight. 

(2) Fuel of motors has a small calorific value—800 to. 
900 large caloric/kilograms. 

(ce) They are simple to manufacture and handle. 

Owing to the insignificant working time of the powder rocket 
motor, the powder rockets have, in a majority of cases, a little 
range of flight. They are also employed as launching rockets. 

In connection with the development of new types of 
powders and special designs of powder and other rockets 
operating on solid fuel, reports have been published regarding 
the application of such motors as the third and last stage of the 
rocket-carrier of the earth’s satellite!, and also as the primary 
motor for rockets intended for an investigation of the upper 
layers of the atmosphere. So, in the April issue of the English 
periodical Nature for the year 1956 (Vol. 177, No. 4510, 
pp. 643-645), it was reported that the English Royal Society of 
Interplanetary Communications, together with the Ministry of 
Supply (which controls the development and construction of 
guided and uncontrolled war rockets), proposed to participate in 
an exploration of the upper layers of the atmosphere by means 
of rockets during the course of the International Geophysical 
Year, and that a single-stage uncontrolled rocket with a motor 
operating nearly for 30 seconds on solid fuel would be cons- 
tructed for this purpose. 

The following tactical-technical characteristics of this 
rocket are reported: rocket length 7-8 metres, and diameter: 
0.44 metres. The launching weight is higher than 1,130 kilo- 


1, American Journal Aviation Week, Vol. 64, No. 13, 1956, pp. 33-34.. 
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grams, whereupon the main part of the weight must be on 
fuel. The net weight of instruments of scientific observations 
is 68 kilograms. The maximum lift is 167 kilometres and 
at the subsequent variants up to 213 kilometres. Since 
the rocket will be uncontrolled, it can strongly deviate from 
the projected trajectory. It was contemplated to clear up 
this question at the time of rocket testing at the Woomera 
Range in Australia. During the appearance of significant 
deviations of the rocket from the projected trajectory, it was 
proposed to instal an accessory motor-accelerator on it, or a. 
small rocket motor for imparting rotation to the rocket about 
its longitudinal axis during the first 5 seconds of flight. 

The examples of the employment of powder motors in the 
third stage of the rocket-—carriers of the artificial earth’s satellite 
will be given in the subsequent description of the possible 
designs of the rocket-carriers and their launching at the orbit 
of the satellite. 

The various types of air-jet and turbo-jet motors, which 
can operate in atmosphere only, appear to be widespread in 
aviation and war rockets with jet motors. For the purpose of 
launching a satellite and interplanetary ships, they can be 
employed only during motion in the lower layers of the atmos- 
phere. For the realization of flights in the upper layers of the 
atmosphere they are unsuitable. So we shall not discuss them 
and try to learn something about rocket motors which hope to 
bring about a revolution in jet technology. They have not been 
constructed yet, but are expected to be made in the near 
future. There is no doubt that for flight in cosmic space the 
motor utilizing atomic energy seems to be the most efficient. 


6. Atomic reactive motors 


As has already been said, the rate of mass discarded by the 
reactive motor can serve as a measure of the quality of the 
jet motor. In atomic jet motors, the magnitude of this rate 1s 
8-4 times more than in the most perfect modern liquid jet 
motors. 

In the liquid and powder rocket motors considered by us 
earlier, the chemical reaction of the components of fuel appeared 
to be the source of energy generating large speed for the escape 
of gases. The source of energy of an atomic motor is much more 
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powerful ; it is the process of fission of the atomic nucleus. 
But this process itself, as is known, is not accompanied by the 
formation of any gases, and, as has already been pointed out, 
the pull of a jet motor depends upon the rate of gases issuing 
from the nozzle of the rocket motor, and on their mass. 
Consequently, in the event of the application of atomic energy 
also, it is essential to have some substance, the discarding of 
which with a large velocity will enable the atomic motor to 
generate pull. 

One can use water for such an arbitrator. It will evaporate 
in the atomic boiler. If one succeeds in finding the materials 
for the motor components, which could maintain the tempera- 
ture above 3,000°C, it would also be possible to decompose 
water into hydrogen and oxygen. With further increase of 
temperature, the molecules of hydrogen and oxygen will be 
disintegrated into atoms that can almost double the volume of 
gas which is generated. The scientists have estimated that 
by comparison with an ordinary liquid jet motor using kerosene 
and oxygen, other conditions remaining the same, the rate of 
the escape of gases generated in the case of an atomic 
motor can go upto 12 kilometres/sec. and, consequently, its 
pull will also be four times greater. 

What will it produce after all? It will reduce the gas 
consumption approximately four times, which is essential to 
‘generate the specific pull, decrease the weight of the “‘arbitra- 
tor,’ and, consequently, the weight of the rocket itself, thereby 
leading to a reduction of the requisite pull for motion, which 
depends upon the rocket weight. Accordingly, the reserves 
of the “‘arbitrator’’ can be restricted all the more. 

But to accomplish such a rocket motor, one must neces- 
sarily resolve many complicated scientific and technical pro- 
blems. In the latest technical literature, many details have been 
Shown regarding the theoretical treatment of the problems in the 
application of the atomic power plants in rockets. Consequent- 
ly, it has been shown that the pull in rocket is directly propor- 


‘ J 
tional to Vr? Where Mis the mean value of molecular weight 


of the gas that escapes. For rockets with the atomic power 
plants, it is most profitable to apply light gases, e.g.,. hydrogen 
or ammonia, as “arbitrator.” They must be used in the 
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liquid form on the rocket in order to occupy the least volume. 

To Fig. 12 is shown 
a simplified scheme of an 
atomié jet motor, while 
Fig. 13 depicts a sys- 
tematic arrangement of a 
tri-stage rocket with an 
atomic power plant. 

- In the opinion of a 


iba ae Fig. 12. Arrangement of an atomic 
majority of specialists, contrivance with rocket motor 


the tollowing problems  1—reservoir; 2—‘arbitrator” (liquid) ; 
must be resolved for a 3—pump ; 4—reactor ; and 5—jet exit 


successful application of atomic energy in the rocket power 
plants : first, the processing of constructional material capable of 
maintaining high temperatures without corrosion and variation 
of their physico-chemical characteristics under the reaction of 
powerful radio active radiations: secondly, increase of heat 
emission of the nuclear reactor; thirdly, production of an 
efficient, light and small shield in bulk for the protection of 
serving staff from the reaction of the radiation that percolates; 
fourthly, development of an effective automatic remote control 
by the rocket motor and the method of handling it ; and, 
fifthly, reduction of the manufacturing and maintenance cost 
of the rocket atomic power plants. 

The difficulties required to be overcome during the produc- 
tion of such a motor are great. However, it should be remem- 
bered that little time has elapsed from the moment of the first 
practical application of atomic energy. Nevertheless, in the 
U.S.S.R. the first atomic power station in the world has 
been operating since 1954. According to the instructions 
of the 20th Congress of the Communist Party of the Soviet 
Union, in the sixth Five-Year Plan of development of the 
national economy, big atomic power stations are _ being 
constructed and the icebreaker ‘Lenin’ has been lowered in 
water with an atomic motor. Technology is developing so fast 
that the production of a rocket atomic motor is a matter of 
the near future, considering the progress of the Soviet atomic 
industry. , 

When a rocket atomic motor will be constructed, the 
problem of becoming familiar with the cosmos will make signi- 
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ficant headway. At present, it is difficult 
to predict even the scale on which it will 
be developed. 


4. lonic jet motors 


As has been shown above, an increase 
of velocity of the masses being discard- 
ed provides for an increase of pull and 
reduces the reserves of the arbitrator and 
the rocket weight. However, even in 
liquid, powder and atomic motors, one 
fails to increase the pull indefinitely at 
the expense of the increase of velocity 
of the discarded mass, because of the 
tenacity of material from which the com- 
bustion chambers are manufactured. Of 
course, the scientists have worked and 
are still working on it in order to step up 
the thermal stability of alloys and ceramic 
materials ; nevertheless, the possibility is 
restricted. During certain temperatures, 
all substances begin to fuse or volatilize. 
The application of cooling cannot solve this 
problem of the combustion chamber 
eompletely, as the cooling of the chamber 
walls must not be accompanied by a 
simultaneous drop of temperature of the 
issuing gases (in every case up to a certain 
limit), which is technically difficult to 
attain. 

Obviously, it is proposed to construct 
motors which, while based on a totally 
different principle, will allow a sharp 
increase in the velocity of the gases issuing 
from the motor nozzle. For this purpose, 
it is proposed to utilize accelerators in 
which the charged particles acquire huge 
speed under the action of the electric field 
and the elements of cesium or rubidium 
as an ‘‘arbitrator.’’ The fumes of cesium 
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a tri-stage rocket with 
an atomic power plant 


I—atomic power sta- 
tion generating a 
thrust up to 1,000 
tons: 2-6—com part- 
ments for crew and 
magazines (ware- 
houses); 7—directed 
stream of gases con- 
trolled by a gyro sys- 


vem; 8—turbo-pump 
of the reactor ;—9 
supplementary _jetti- 
sonable fuel tanks; 
10—reactor nozzle; 
11—fuel stocks for 
pumps; 13—engines 


for rocket launching, 
Operating On ordinary 
fuel 
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or rubidium passing through a platinum gauze are ionized, 
and, subsequently, the positive and negative ions acquire 
acceleration separately. On emerging out of the accelerator, 
they have similar velocity, are mutually neutralized during an 
encounter, and generate rapidly tlying gas molecules. Thus, it 
is essential in such a motor to have a source of electric energy. 
On acosmic rocket, the photoelectric cells, which transform 
solar into electrical energy, can be such a source. 

The ionic motors fed by a photoelectric battery will rather 
have a low pull on account of large molecular dissipation and 
insufficient power of battery. Nevertheless, this pull will be 
sufficient to force a rocket in the cosmos and to generate large 
velocities of flight after it has overcome the forces of the earth’s 
attraction. Such motors, apart from other factors, require 
very little fuel reserves. For instance, for the flight of a 100- 
ton rocket from an interplanetary station situated near the 
earth to the orbit of Mars at a distance of 59,000,000 kilometres, 
10 tons of fuel will be found sufficient. The ionic rocket can 
attain such velocity that during one year it can fly through 
175 million kilometres. 

The ion-reactive motor, in spite of the fact that it could 
be used after overcoming the earth’s pull, is interesting for 
several reasons. In the first place, one does not encounter in 
the ion-reactive motor intricate thermal problems. It also 
offers new potentialities of an increase of velocity of the rejected 
masses and, consequently, an increase of pull. Besides, such a 
system for rockets does not require the adoption of any compli- 
cated measures by people for protection against radiation. 


8. Atomic-ionic jet engines 


For obtaining a significant pull of the ionic-reactive motors, 
a powerful source of electric energy indispensable for accelera- 
tion of a large mass of ions is required. Getting high power of 
electric energy by means of photoelectric cells picking up the 
solar radiation does not seem a practical possibility. Therefore, 
a combination of two motors—atomic whose energy is expended 
in operating the electric generator, and the ionic-reactive that 
produces the rocket pull—is envisaged. In the specifications 
of the rocket, the material reserves must be limited and their 
unproductive waste not tolerated. Therefore, the atomic motor 
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should operate as a ‘‘shot circuit.”’ Besides, the operating 
material— the heat-carrier which absorbs thermal energy in the 
atomic motor—is transferred to the turbo-jet motor, e.g., steam 
turbide. Here, thermal energy being stored up in the heat- 
carrier is converted into mechanical energy. Subsequently, the 
heat-carrier is directed opposite to the atomic reactor, comple- 
ting the process of the transfer of energy of nuclear reaction by 
Short circuit without loss of material. 

The turbo-jet motor sets in rotation the electric generator, 
whose energy is directed towards the accelerator of ions of the 
“arbitrator.” Ions of the ‘‘arbitrator’”’ flying out of the accele- 
rator with a large terminal velocity are ejected outwards by the 
jet device in the surroundings of the rocket, generating simul- 
taneously a reactive pull. An atomic-ionic motor essentially 


Fig. 14. An atomic-ionic motor 


1—supply pipe of gaseous atomized particles: 2—to vacuum pump :; 
3—to heat exchanger ; 4—to power generator; 5—to control panel: 
6—1on generator; 7—control equipment: S—high voltage vibrator : 
and 9—electronic gun. 


represents a combination of the atomic power plant and the 
ionic-jet motor. A system similar to that adopted in the 
production of atomic motors for submarines, ships and aircraft 
is quite possible to achieve. However, technical difficulties in 
the way of substantially curtailing the weight and bulb of the 
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atomic power plant for rockets are a great problem. The exist- 
ing atomic power plants are still too unwieldy. These have a 
number of complicated intermediate devices for the transforma- 
tion of one form of energy into another. The efficiency of these 
plants is also quite low. 

Another plan of the atomic-ionic motor based on the 
principle of the lucal accelerator of elementary particles 
(Fig. 14) was offered by Darrel Romik, a collaborator of an 
American aviation firm called the “Good Year Aircraft.’ 
According to this principle, the pulverized gas particles are 
introduced in the motor, where they are subjected to bombard- 
ment by electrons from an electronic gun. Unionized particles 
of gas are continuously expelled from the motor by a vacuum 
pump, and ions directed towards the accelerator through the 
electrodes and the grid of the electronic gun. Here, powerful 
electrodes being supplied with a current of high voltage accele- 
rate ions rather intermittently up to the moment of their exit 
from the motor. The arrangement of the electrodes and the 
phasing of the current are so made that the velocity of the 
particles increases steadily. The current produced by ions that 
escapes from the motor also produces a reactive pull. 

In series with the primary nozzle is located the electronic 
gun which ejects the electrons obtained during the production 
of ions backwards, so that the charge which originates in space 
with the emission of ions does not neutralize the pull. The 
nuclear reactor or the sun can serve as the source of energy for 
the functioning of the accelerator. The radiant energy of the 
sun can be used for flights within the limits of orbits in the 
vicinity of the sun down to Mars. It lightens the motor con- 
siderably, since in the case of energy from a nuclear reactor a 
bulky protective system is required. 

As mentioned earlier, the ionic motor consumes the pulveriz- 
ed gas particles in a very small quantity. It could thus be used 
for an interplanetary rocket weighing 1,000 tons, for which 525 
kilograms of gas per hour would be required. The normal pull 
of 91 kilograms being generated is sufficient, so that with the 
continuous working of the motor (during 500 days), the max!- 


1, American Journal Industrial and Engineering Chemistry, No. 8, 
1956, pp. 15-16. 


66 ARTIFICIAL SATELLITES OF THE EARTH 


mum flight velocity could go up to 42 kilometres/sec. or 
3,650,000 kilometres/24 hours. The upward flight and accelera- 
tion of the rocket with an ionic motor are ensured by the rocket 
accelerators and the liquid rocket motor operating on chemical 
fuel. It also becomes possible that on the termination of their 
operation, the combustion chambers could be used for the 
discharge of particles heated by the nuclear reactor. 

One of the problems that emerges during the production of 
atomic-ionic motors for rockets is the development of methods 
of direct transformation of atomic into electrical energy requir- 
ed for the operation of the ionic-jet motors. 


9g. Fuels of modern rocket motors 


Sources of energy for rocket motors: Rocket motors, 
as all other motors, cannot work without an energy source. 
At present, chemical energy appears to be the only source of 
energy being used in rocket motors. During the working of 
the motor, this energy can be liberated in two types of reac- 
tions : the reaction of combustion and chemical energy. The 
former reaction is used in the operating processes of a majority 
of the existing heat engines and is very common. The second 
type of reaction, namely, chemical energy, is obtained as a 
result of the reaction of decomposition of certain substances, 
which is accompanied by the liberation of heat. This reaction 
is also used in some liquid rocket motors. 

In one of his articles entitled The Cosmic Ship, Tsiolkovski 
describes the downward motion of a rocket in atmosphere with- 
out fuel consumption, which elaborates during its return to 
earth along a bending spiral trajectory after a trans-atmospheric 
flight. According to his scheme that agrees with the present- 
day ideas, the descent from the satellite on the earth will take 
place practically without fuel expenditure by means of gliding 
in atmosphere on a special glider piloted by a pilot or an auto- 
pilot. The problem is to put out the cosmic velocity of the 
glider, nearly 8 kilometres/sec., through a gradual throttling by 
atmosphere. The upward flight from the earth to the satellite 
must take place by means of rockets. Thus, it will be possible 
to maintain the necessary connection with the satellite for the 
transfer of equipment, supply facilities, the exchange of crew 
(members of the expedition) and other provisions essential for 
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the continuous operation of the sputnik till such time that 
autonomous habitat has been created on it in the future. 

In his another work called The Cosmic Rocket Trains 
published in the year 1929, Tsiolkovski wrote about trains made 
up of rockets. These rockets operate consecutively and are 
rejected alternately in flight according to the evacuation of 
their cisterns, by which an increase of terminal velocity is 
acquired by the last rocket of the train. With that object 
in view, Tsiolkovski suggested the shooting of a group of 
rockets with motors alternately operating ; in proportion to 
the consumption of fuel, it is completed in a single stage of the 
rocket through transfusion from other rockets, whereupon those 
rockets which are evacuated get detached from the group. 

During 1911-12, an article was published in the Herald 
of Air Navigation (Petersburg), which appeared to be an exten- 
sion of Tsiolkovski’s work on rockets. In this article, attention 
has been drawn, in particular, to the larger perspective for 
rocket flying with the utilization of the nuclear processes and 
electronic or ionic motors as the source of energy. 

The main part of the article is devoted to the plan of con- 
quest and colonization of cosmic space by man. Tsiolkovski 
writes : ‘“Motion round the earth of a number of rockets with 
all existing accessories...can serve as the basis for further 
enlargement of humanity.’ In a letter to the editor, he further 
‘says : “Mankind will not remain on earth always, but in pursuit 
of light and space will peneterate beyond’the limits of the 
atmosphere, at first timidly and, later, conquer the entire 
circumsolar space.’’ Tsiolkovski thought that solar radiation 
would be the primary source of energy, guaranteeing existence in 
the celestial settlements and the cultivation of plants in airtight 
transparent greenhouses. 

General information regarding rocket fuel: Single and 
double component fuels are used in rocket motors. Such 
substances or mixtures, which are capable of producing the 
residual mass or the working substance for the jet motor, are fuels 
of the single-component type, instances of which are nitro- 
methane, methyl nitrate, safe blends of fuel and oxidizer, etc. 
A double-component fuel or a fuel of split feed has a maximum 
application. Such fuel can be spontaneously inflammable when 
blended with the oxidizer in the combustion chamber. If it does 


68 ARTIFICIAL SATELLITES OF THE EARTH 


not possess this property, it becomes necessary to introduce 
some sort of ignition arrangement in the motor system. 

The fuel must have a large calorific value! and an assigned 
specific pull?. Besides, its physico-chemical properties must 
guarantee a continuous, reliable and effective functioning of the 
jet motor during the operating conditions. It must also possess 
a maximum specific gravity and a maximum gas constant.* 
While selecting a fuel, its commercial and manufacturing 
characteristics and performances should also be taken into. 
consideration. 

In the development of jet technique, one of the most impor- 
tant problems is that of fuel. At present, it is difficult to say 
what type of fuel would be used for jet motors in the future, 
but the utilization of atomic energy in the U.SS.R. offers. 
greater possibilities of a solution to this problem. 

The possibility of the application of this energy for jet 
motors had also been visualized by Tsiolkovski. Regarding the 
immense powers of jet motors required for overcoming the 
earth’s pull by the cosmic rocket, he wrote : 

“It appears that the energies of high explosives are by far 
inadequate, so that even if the velocity exempting them from 
the earth’s pull is acquired by them...disintegration of atoms 


1, By the calorific value is meant the quantity of heat liberated 
during the burning of 1 kilogram of fuel. The greater the calorific value 
of fuel, the higher ‘will be the rate of discharge and traction of the motor, 
other conditions remaining the same. 

*, Each kilogram of gases discharged per second generates a pull, 
numerically equal to 1/10th of the rate of discharge. This pull is given 
the name “specific pull or specific impulse” (dimensions of specific pull are 
kilogram/sec./kilograms), and appears to be the fundamental characteristic 
of any rocket motor. The more the specific pull, i.e., the more the pull 
generated by each kilogram of gases liberated per second from the 
motor, the more perfect the motor will be. 

*, During specific conditions, the volume produced by the combus- 
tion products is proportional to the value of gas constant R. The magni- 
tude of the volume of the combustion products during normal conditions 
(T=291,16°K, P=1 kilogram/cm.?) bears the name of gasification. It 
Shows how many liters of the products of combustion are formed from 
I kilogram of fuel during normal conditions. The greater this magnitude, 
the more the gas constant R of the combustion products and the smaller 


will be their molecular weight. Gasification with the burning of fuek 
must be maximum. 
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also is a source of huge energy, which is 400,000 times more 
than the powerful chemical energy itself.’”! 

In the U.S.S.R., facilities exist for a most extensive research 
and application of many forms of fuel. Russia possesses huge 
stocks of various raw materials for obtaining fuel and has a 
powerful machine-building industry capable of resolving the 
complicated problems connected with the production of jet 
motors. According to foreign scientists, the launching of the 
first artificial satellites of the earth shows that in the U.S.S.R. 
such a fuel for rockets has been produced which enables the 
attainment of the first cosmic velocity. The American specia- 
lists, too, as is clear from what appeared in the Business Week, 
an American journal, have drawn alarming conclusions regard- 
ing the possession of superior fuel by the Russians, which is 
capable of imparting a huge velocity to rockets, and its absence 
in the U.S.A. It is thought that in the U.S.A. even motors did 
not exist which could make use of these types of fuels. 

Let us now examine the rocket-carriers of the artificial 
earth’s satellite equipped with jet motors which are automati- 
cally controlled. 

The data regarding the orbit and the motion of the Soviet 
sputniks of the earth have led the Americans to conclude that 
the Russians have utilized in their rocket a system of control 
which enabled them to launch a rocket-carrier in an orbit com- 
puted beforehand. 


1, K.E. Tsiolkovski, ‘Investigation of Cosmic Space by Means of 
Reactive Instruments” (republication of researches of the years 1903 


and 1911), Kaluga, 1926. 


CHAPTER III! 


ROCKET-CARRIERS OF THE ARTIFICIAL 
EARTH’S SATELLITE 


1. Their technical requirements 


Speaking on the possibility of the conquest of the cosmos, 
and on the problems which must be solved before the release 
of the earth’s satellites, we noted that it would be necessary, 
in the first instance, to produce a rocket capable of generating 
a speed of not less than 8 kilometres/sec. In the year 1903, 
Tsiolkovski evolved a formula for the determination of the 
final velocity of a rocket for an ideal case of flight in space, 
where the resistance of air and the force of gravity were absent : 


V mar = Vy In ae (4) 


Where Vimar is the final velocity of the rocket ; 
V, is the rate of escape of gases from the rocket 
motor ; 
I, is the sign of natural logarithm ; 
M, isthe initial mass of the rocket (before upward 
flight) ; and 
M isthe rocket mass after the exhaustion of fuel. 
It is evident from the formula that the quantity M,/M, 
representing the proportion of mass at take-off to the rocket 
mass after the entire fuel has been used up, infiuences the 
rocket velocity strongly. This ratio is called 7'stolkovski’s 
number. For instance, if the rate of escape of gases from the 
rocket nozzle is 3,000 metres/sec., then this number must not 
be less than 35/40 for achieving the rocket velocity of 8 
kilometres/sec. and 50/55 for final velocity of 11°2 kilometres/sec. 
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Let us say for the sake of comparison that if a bucket is 
filled to the brim with fuel, the ratio of the weight of the 
bucket containing fuel to the weight of the empty bucket will 
be such as is required for the construction of a rocket-carrier 
capable of carrving the satellite up to its orbit. It is practi- 
cally impossible to build such a rocket. The maximum 
Tstolkovski’s number obtained in modern single-stage rockets 
does not exceed 4°5. An application of the compound or the 
so-called multi-stage rockets seems to be the only method of 
the production of cosmic velocities. Besides, the separate 
stages are operated step by step and they get detached and 
fall to the earth according to the consumption of fuel. At the 
same time, it is natural that, while the rocket velocity increases, 
the rocket mass decreases. 

If only the nozzle of the last stage of the rocket-carrier of 
the satellite were not to become an artificial satellite itself, 
there must be some space in it for satellite arrangement and 
also a device for ejecting it at the required moment into the 
orbit. The pneumatic arrangement or the pyrosockets can be 
usually elastic with such a device. To impart an aerodynamic 
form to the nozzle of the rocket containing the sputnik, one 
can as well apply the discarded or hinged protective cone. 

It is evident from Tsiolkovski’s formula, mentioned above, 
that to attain orbital velocity with the least weight of the 
rocket-carrier, the gases must escape at the maximum rate. 
The modern reaction technique is also aiming at this end. 

Besides the above-mentioned ratio of masses M,/M, the 
specific consumption of fuel by the rocket motor seems to be 
the most important technical characteristic of the rocket. The 
smaller the specific consumption of fuel, the lesser will be the 
quantity of fuel required for achieving orbital velocity and, 
consequently, the lesser will be the weight of the rocket. 

The specific consumption of fuel by modern rockets is 
approximately 5 kilograms/metre sec., but it could be reduced 
to 42 kilograms/metre sec. The specific gravity of motors can 
also be reduced to 1°0 kilogram/metre sec. by utilizing the 
pumping method of fuel feed. In the rocket ‘‘V-2,” the unit 
fuel consumption was +'7 kilograms/metre sec., and the specific 
gravity of motor 1°15 kilograms/metre sec. In the initial 
versions of the altitude rocket “Viking,” the specific gravity 
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of fuel was 4°2 kilograms/metre sec., and that of motor 0°95 
kilogram/metre sec. It is quite possible to bring about further 
improvement of the liquid rockets. Already, the unit fuel 
consumption of 3°3 kilograms/metre sec. has been attained at 
the experimental stands and a rocket motor having a specific 
gravity of 0°25 kilogram/metre sec. designed. By utilizing 
the atomic motor, its specific gravity can be brought down to 
10-7 kilograms/metre sec. 

During the projecting of the rocket-carrier of the artificial 
earth’s satellite, special attention was paid to its aerodynamic 
properties in order to obtain a large terminal velocity of the 
rocket. No doubt, by an increase in the rocket dimensions, com- 
paratively less energy is consumed in overcoming the air- 
resistance. However, the question of decreasing the air- 
resistance is not altogether solved in this case. Accordingly, 
elaborate investigations are in progress on the improvement 
of the forms of the rocket frame. 

During the upward flight, especially during the passage 
through the dense layers of the atmosphere, the individual 
components of the rocket experience considerable air pressure. 
While designing the form of the rocket frame, this fact is taken 
into account to reduce the air pressure on each individual part 
to the minimum. 

The tempering of the frame due to friction with air’, 
which is more intense with higher rocket velocity, presents an 
important problem for the rocket-carrier. For example, with 
velocity approximating 1 kilometre/sec., the temperature can 
go up to 400°C, and with an increase of velocity up to the 
orbital, it will attain 1,000°C and above. Therefore, the ten- 
dency is to attain such a velocity during the first part of the 
flight that the rocket’s structural strength is not upset as a 
result of tempering. The nature of the motion of the rocket- 
carrier is such that at small heights, where the air density is large, 
the rocket velocity remains insignificant and the rocket frame 
does not warm up. In accordance with the degree of increase 
of velocity up to the orbital, the rocket attains great heights 
with highly rarefied atmosphere, where the tempering of the 
frame due to the friction of air cannot be much. 


1, 


Journal Problems of Rocket Technique, No. 1, 1955, Page 7. 
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We have shown that in the future the cosmic vessels, designed 
for lunar flight or for flights to the planets of the solar system, 
can be set off from special cosmic stations practically located 
beyond the atmospheric limits. The form of such cosmic 
vessels will not matter as regards the aerodynamical properties, 
as they will not encounter any resistance during flight. 

The significance of the rocket weight has been emphasized 
on several occasions. Therefore, the design of the rocket-carrier 
of the satellite is made in such a way that its every sectional 
component and even its little screws have the least possible 
weight. As such, the creation of new, light and solid materials 


acquires special significance. 


2- Different forms of the rocket-carriers of the satellite 
and their fundamental characteristics 


It was mentioned earlier that the multi-stage rockets alone 
can fire a satellite into the orbit. (It is more probable only 
in the case of three or four-stage rockets). Such a design can be 
accomplished in different ways. First, it can be three 
rockets connected consecutively (Fig. 15), during which the 
first stage will be very large both according to the dimension 
and weight, and the last stage extremely small. Secondly, 
it can have several rockets connected with each other with 
the rear part of each of them entering the nozzle of the follow- 
ing rocket (Fig. 16). Thirdly, the stages can be included 
one inside tue other, as if they are slipped on each other 
(Fig. 17). Lastly, a multi-stage rocket can represent a band 
of sectional rockets situated in a row, one after the other. 

At present, the methods of the salvage of the rocket stages 
on the conclusion of their function, 7.e., when they get detached 
from the fundamental rocket and take-off towards the earth, 
are being studied for economy of material and _ resources 
independent of their design. This problem has not been 
completely solved yet, although experiments have been con- 
ducted in which various systems of parachutes and other 
appliances have been tried. 

The utilization of the material of the used-up stage in the 
nature of fuel for the subsequent stages would, perhaps, be 
the most ideal solution of the problem. In principle, such a 
possibility was revealed in the year 1928 by the Russian 
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scientist F. A. Tsander. But because of its complicated nature, 
it will be long before a practical solution of this problem can 
be found. 

4th stage 


Apparatus 50 kg. 
Engine of 4th stage 


3rd stage 
3 2nd stage 
Engine of 3rd stage 
Ist stage 
4 
i Engine of 2nd stage: 
PROM: 
cs es ‘e 
BO RA 
COO. 
5 Engine of Ist stage 


Fig. 15. Multistaged rocket- Fig. 16. Rocket-carrier 
carrier of the satellite with of the satellite with 


successively located stages inter-connected stages 
1 Paying load 2 Control 
3 3rd stage 4 2nd stage 
5 Ist stage 


Already, many designs of the thermal atomic rockets have 
come out. 

The prominent specialists of rocket technique, while 
developing big rocket-carriers of the satellite, are continuing 
to concentrate on the more depleted types of Nquid rockets as 
before. For instance, Dr. Verner Von Braun, the designer of 
the rocket ‘‘V-2,” considers that liquid rockets wili exert 
a decisive influence on the development of rockets, at least 
during the next twenty years. | 

Each rocket, independent of its design, has definite basic. 
characteristics, which, when fully considered, help to establish 
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fundamental correlations among them. Let us examine these 
characteristics. 


Fig. 17. 
Rocket-carriers of the satellite with detai!s of stages 
1__third stage of the rocket ; 2—second stage of the rocket ; 
and %—first stage of the rocket. 

1. Net weight. For single-stage rockets, this term means as 
follows: for a rocket-carrier it is the weight of the satellite 
being maintained in the orbit ; for a war rocket it is the weight 
of the ammunition ; and for an exploratory rocket it is the weight 
of instruments and appliances. In the case of a multi-stage 
rocket, the net weight as well as the other characteristics should 
be investigated for each stage separately. For instance, the 
total weight of the second stage will be the net weight of the 
first stage and the total weight of the third stage will be the 
net weight of the second stage, and so on. 

2. Steering equipment. This part of the rocket outfit 
includes all instruments, by means of which the rocket is 
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steered during the time of its flight. In the case of a multi- 
stage rocket, its first stage usually serves as a runaway and, 
therefore, does not have such devices as a rule. They operate 
in the second and third stages, and sometimes only in the third 
stage of the rocket. 

3. Design. It includes the frame of the rocket and its stages 
(for multi-stage rockets), fortifications, fastening details, etc. 

4. Pumps and motors. Under this head are included 
motors, systems of feed and fuel distribution, and the cooling 
system of the combustion chamber and the jet. 

5. Fuel. This term covers the combustible material], oxidiz- 
ing agent, lubricants and the mechanical arrangement, feeding 
the combustion chamber with fuel. 

6. Total weight of rocket. This is the total of the weights 
of the above-mentioned parts of the rocket. 

7. Fuel consumption. It is measured usually in kilograms/ 
sec. In the case of multi-stage rockets, fuel consumption for the 
first stage, as will be seen below, can exceed more than hundred 
times the consumption for the last stage. 

8. Thrust. It is measured generally in kilograms or tons. 
It is the force generated by the motor, which sets the rocket in 
motion with a definite acceleration. We have already seen 
that the thrust depends on the velocity of the gaseous particles 
that escape from the motor nozzle, and this velocity depends, in 
its turn, on the chemical properties of fuel and the temperature 
of combustion. This property is very important for a rocket. 

9. Specific pull. It is the pull generated during the com- 
bustion of a unit weight of fuel per second. 

10. Time of combustion in seconds. This characteristic 
essentially determines the time of operation of the rocket motor 
or {hat of its stage. It must be sufficient to develop the 
requisite velocity. 

1]. Acceleration. It is usually measured in unit of g, 
where g is the acceleration due to the force of gravity on the 
earth’s surface and is equal to 9°81 metres/sec?. Acceleration, 
as the very word denotes, characterises the growth of velocity 
resulting from the working of motors, and its magnitude plays 
a vital role in computations of rocket flight. 

12. Rocket length. This dimension determines the height 
of the rocket or that of the individual stage. The stability 
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of the rocket on the trajectory of flight depends on the relation 
of rocket length to its mean diameter. The greater this ratio, 
the less will be the stability of the rocket. 

13. Diameter. It is the mean diameter of the whole rocket, 
or the diameter of each of its stages. 

14. Number of motors. We already know that in the case 
of a multi-stage rocket, each stage has its own motors. The 
number of motors depends upon the size and weight of the 
rocket as well as its purpose. Generally speaking, the first 
stage has several motors, and the last usually a single motor. 
The fact is that the motors of the first stage have to get over 
the most difficult part of the journey when the rocket possesses 
the maximum weight in the face of considerable resistance of 
the dense atmospheric layers. 

15. Lift or the range of rocket flight. Lift, which depends 
upon the above-mentioned characteristics and _ correlations 
among them, has a special significance for putting the satellite 
into the orbit. For war rockets flying from the starting point 
to the target site, the flight range depending on these factors is 
more specific. 

With a view to visualizing the sequence of numerical values 
of the above-mentioned characteristics, we give below a table 
of the design of a rocket satellite with its successive grouping 


of stages. 
TABLE 3 ' 
Tactical-technica] data of rocket-carrier with consecutive 
arrangement of stages 


Name of the characteristic First Second Third 


stage stage Stage 
Net weight (kilograms) 15,600 1,680 100 
Steering equipment (kilograms) a ee! 100 
Design (kilograms) 5,420 1,900 240 
Pumps & motors (kilograms) 9,350 1,620 120 
Fuel (kilograms) 60,530 10,400 1,120 
Total weight (kilograms) 90,900 15,600 1,680 
Fuel consumption (kilograms/sec.) 587°7 . 101-0 5°4 
Thrust (kilograms) 181,800 31,200 325 
Specific pull (kilograms/sec.) 325 325 325 
Time of combustion (seconds) 103 103 206 
Acceleration g (9°31 metres/sec.*) 6 6 3 
Length (metres) 24 13:2 6 
Diameter (metres) 35 1-9 1:0 
Number of motors 5 1 1 


Lift (kilometres) — _ 800 
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It is obvious from the table that the ratio M,/Jf for the 
first stage will be approximately equal to 3. Let us recall 
that M, is the total rocket mass before flight and J its mass 
at the end of the completion of the first stage. For the second 
and third stages, this ratio is also equal to 3. To work out 
the ratio M,/M, it is necessary to divide the total weight 
for each stage by the total weights of items 1, 2, 3 and 4 in 
table 3. 

It is also evident from the table that the fuel consumption 
and thrust for the first stage are more than hundred times to 
their corresponding values for the third stage. As regards the 
fuel stock in the first stage, it is almost sixty times the stock 
carried over to the third stage. The total weight of the first 
stage in comparison with that of the third is also as many times 
more. 

All these figures show what a big operation is required at 
the expense of the first stage, since the first stage of the flight 
has to pass through extremely tough conditions. Besides, it 
can be seen from the table that a three-stage rocket, if develop- 
ed, having the above-mentioned characteristics would be able 
to attain the orbit situated at a height of 800 kilometres above 
the earth. As the ratio of the rocket mass for each stage is 
equal to 3, with such a mass correlation, a single-stage rocket 
could not be sent out even beyond the bounds of the dense 
atmospheric layers. The improved single-stage rocket ‘‘V-2”’ 
by the Americans with somewhat more favourable mass corre- 
lation (~3°5) attained a height of only 182 kilometres on 
December 17, 1946. 

For the rocket, whose characteristics have been set out in 
the above table, it was assumed that liquid oxygen and hydro- 
gen would serve as fuel. 

In the U.S.A. and other countries, intensive work is 
being carried out on the production of rocket-carriers of the 
satellite. 

In order to overcome the difficulties connected with the 
passage through the dense atmospheric layers, the designs of 
uniflow jet engines adapted as motors of the first stage of the 
rocket have been perfected, thereby reducing the weight of the 
first stage. Some scientists propose to overcome the dense 
layers of the atmosphere by means of air motors or jet aircraft. 
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For instance, Prof. Missert of Iowa University and a collabo- 
rator of the firm ‘Bell’ is supposed to have constructed a 
balloon having a diameter of nearly 60 metres and a volume of 
about 8,500 cubic metres, which will go to a height of 24 
kilometres and can lift a three-stage rocket weighing nearly 
6 tons. According to the attainment of the indicated height 
by the balloon, it is conjectured that it can drive the rocket 
into the orbit at a distance of 320 kilometres from the earth. 
The first stage of this rocket will consist of four powder motors ; 
in the second stage will be used a liquid rocket weighing 590 
kilograms; while the third stage will weigh 90 kilograms 
and carry a net weight of 14 kilograms consisting of ins- 
truments. In the last stage, the rocket will appear strictly as 
a satellite. 

It is assumed that at the start the rocket will make an 
angle of 45° with the horizon. Only the second stage of the 
rocket will be controlled. The third stage will be equipped 
with the devices of observation and control fed by a solar 
battery which will transmit to the earth the information 
recorded by them. The firm known as the ‘‘General Mills” of 
the U.S.A. is already working on this project. 

Another American firm named the ‘‘American Rocket’’ is 
working on the production of a satellite designated the ‘‘Mighty 
Might,” which is expected to be released by means of powder- 
rockets with an overall weight of 640 kilograms from a jet- 
aircraft flying at a height of 20-30 kilometres with a velocity 
approximately twice that of sound. As a three-stage rocket 
with a diameter of 12 cm. and length 60 cm. is unmanoeuvrable, 
so the angle at the start and the initial velocity depend on the 
direction and velocity of the aircraft from which it is launched. 
The orbital height also depends on the starting conditions. 
The weight of the instruments placed on it is 2°25 kilograms 
and the observation beyond is accomplished from the earth by 
means of a radar. Such are the designs of the rocket-carriers 
of the satellite being developed in the U.S.A. 

The U.S.A. does not have intercontinental ballistic rockets. 
Had it possessed such a rocket, it would have launched the 
satellite in 1957 as was done by the Soviet scientists and 
engineers. In the U.S.S.R., the sputnik was launched on the 
basis of the intercontinental ballistic rocket. The U.S. A. 
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planned to launch a satellite “Vanguard” weighing 11 kilograms. 
Is it really a ballistic rocket ? In the year 1958, the U.S. A. 
launched a satellite weighing approximately 14 kilograms on a 
middle range rocket ‘‘Jupiter-C.” The U. 8. S. R. launched the 
first sputnik weighing 83°6 kilograms and the second one with 
a net weight of 508 kilograms. Furthermore, the Russians are 
capable of doubling and even more than doubling the weight of 
the artificial satellite. 

Mr. N. S. Khruschev said that the intercontinental rocket 
was a settled question so far as Russia was concerned. It can 
launch artificial satellites of a still bigger weight and to a still 
greater height, because it possesses full knowledge of the 
technique involved in the production of a satellite. 

The Soviet Union outstripped the U.S. A. not only in the 
field of intercontinental rockets, but also in the production of 
rockets in general. At present, it is held by some people in 
the U.S. A. that the German specialists captivated during 
World War IT had helped Russia in the production of rockets. 
This is far. from the facts. The American armies occupied the 
bases of the German shells ‘‘V-2,’’ and took away the chief 
designer, the specialists and the equipment. Even till then, the 
intercontinental ballistic rocket was not produced in the U.S.A. 

The creation of the rocket technique in the U.S8.S. R. is the 
outcome of the development of Soviet science and technology 
and industry. These achievements are the pride of the Soviet 
people and the socialist State. Mr. N.S. Khruschev rightly said 
that the Russian designers had produced rockets which, in the 
event of an attack on their country, would be capable of smash- 
ing any base in Europe, Asia and Africa. Even during the first 
launching, the Russian rocket came down precisely upon the 
assigned square. If Russia comes to an understanding with 
the U.S. A. and other states about disarmament, it is probable 
that it may demonstrate its skill by firing with rockets at some 
fixed targets before placing them in a museum or exterminating 
them. 

We shall now examine the arrangement of a satellite’s 
rocket-carrier. We shall describe the design of the rocket 
“Vanguard,” which was intended to launch an artificial earth’s 
satellite in the U.S. A. 
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3. Rocket-carrier of the satellite “Vanguard” 

In the U. 8. A., the scientists are busy studying the various 
problems bearing upon the launching of a satellite. Milton 
Rosen, the technical supervisor of the programme of launching 
the satellite ‘‘Vanguard,’ pointed out the fundamental 
problems which need to be solved for the successful working 
of the programme. He also indicated the basic technical 
characteristics of a rocket for launching a sputnik while addres- 
sing a meeting. Rosen pointed out that in the U.S. A., even in 
1949, a two-stage rocket ‘‘Bumper’’ went up to a height of 400 
kilometres with a maximum velocity of 2,750 metres/sec. and 
with the same net weight as had been intended for the rocket of 
the sputnik ‘‘Vanguard.” The latter rocket was due to go up 
to a height of 480 kilometres with a velocity of 7,620 metres/sec. 

A number of leading firms in the U.S. A., asis clear fram 
the American Press, have been entrusted with the development 
of the rocket-carrier of the satellite. In Fig. 18 is shown the 
scheme of such a rocket. 
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Fig. 18. Rocket-carrier of the satellite 


1—satellite ; 2—nozzle cone protecting the satellite from heat 
during ascent ; 3—ejecting mechanism (explosive or springy); 4—third 
stage of the rocket ; 5—lower source of third stage ; 6—helium tank for 
fuel supply to the engine ; 7—fuel tank of the second stage (dimethyl 
hydrozine) ; 8—oxidizer tank (nitric acid) ; 9—engine of the second stage ; 
10—power source of the second stage ; 11—fuel tank of the first stage (75% 
ethyl alcohol, and 25% benzene mixzd with silicon resin) ; 12—tank con- 
taining hydrogen peroxide ; 13—oxidizer tank (liquid oxygen) ; 14—turbine 
pumps operating on hydrogen peroxide ; and 15—engine of the first stage. 


The absence of stabilizers and rudders at all the three 
stages seems to be a typical feature of the rocket. Steering 
along the Tangazh! and Riskanye* in the first and second 


~ The angle of Tangazh is the angle formed by the longitudinal axis 
of the rocket with the horizontal plane. 


2. Displacements of longitudinal axis of the rocket from the assign- 
ed course in the horizontal plane are denoted by the angle of Riskanye. 
For guided missiles, this angle is defined by the missiles deviation from 
the firing plane. 
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stages is accomplished by turning the liquid jet motors set 
up at the Cardian joints. Angular displacement up to 5° is 
produced by means of an electro-hydraulic gear, which is pro- 
duced by the crew from gyroscopes of the gyroscopic shaft, by 
means of which the first and second stages of the rocket are 
guided in flight. The gyro-block is located on the second stage. 
The direction above the heel is accomplished by means of small 
liquid jet engines, which are tangently disposed. The un- 
manoeuvrable third stage is oriented according to height, 
position and orientation during the second stage, which imparts 
to it a stabilizing rotation prior to the working of the engine of 
the third stage. The total rocket length at the start is 22 
metres and its maximum diameter 1°15 metres. 

It was proposed to utilize the modified exploratory rocket 
‘*‘Viking’”’ with a new push engine in the first stage of the rocket 
for launching the satellite. This engine must guarantee the 
acceleration of the rocket up to 15% of the orbital velocity. 
The pull of this engine is 10°2 tons and working time 125-140 
seconds. The engine works on a mixture of spirit with benzene 
and liquid oxygen which is supplied from tanked compartments 
by turbine pumps. The tanks are filled with helium accord- 
ing to the consumption of fuel. 

The liquid rocket motor of the second stage of the rocket 
works on fuming nitric acid and hydrogen being fed in the 
combustion chamber subjected to the pressure of condensed 
helium. A large number of miniature jet engines of stabiliza- 
tion guarantee the rocket direction after the end of the working 
of the engine of the second stage, when the second and third 
stages gather the orbital height. It is expected that the second 
stage will gather 32°, of the orbital velocity. The nozzle cone 
of the second stage will overlap the third stage and the sputnik 
itself will insulate them from aerodynamic annealing. The cone 
is discarded during the initial phase or working of the second 
stage, when the air density and correspondingly the tempering 
of the rocket decrease. 

As has already been said, the third stage of the rocket is 
not controlled ; to secure stability in flight, it will rotate round 
its longitudinal axis. After the exit into the orbit, the third 
stage and the sputnik can be separated, after which they 
traverse along the orbit as two independent satellites. It is 
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essential to check the infilteration of heat from the engine 
towards the sensitive instruments of the satellite and also for 
a convenient disposition of the telemetric antennae. 


4 


4- Launching of rocket-carriers and their outward 
motion to theforbit 


How is the rocket-carrier of the earth’s satellite launched 
into the orbit ? It would seem most advantageous to launch 
the rocket upwards vertically, as it would fly to the orbit 
by the shortest route. However, such a method turns 
out to be the most inconvenient from the point of view of fuel 
consumption. | 

The rocket having been launched vertically gathers velocity 
not instantaneously but in course of time. The earth’s pull also 
acts directly at this time and causes the rocket to drift in an 
opposite direction to the earth’s centre, the so-called gravita- 
tional drift, which is most significant. If the rocket motors 
do not work, after the first 100 seconds it would be directed 
towards the earth with a velocity of 1 kilometre/sec., and after 
800 seconds of rocket flight it wouid attain 8 kilometres/sec., 
t.e., precisely the value of the first cosmic velocity. It is clear 
from what has been said that if the rocket moves all the time 
vertically, the force of gravity will soon absorb the force of the 
pull of its engines, and the rocket having used up the stock of 
fuel will stop at the determined point and thereafter begin to 
drop on earth. This is also the case with modern geophysical 
rockets. Therefore, it is exceedingly difficult to attain large 
rocket velocity to a great height with vertical launching. 

In order that the satellite might not fall back on earth, it 
is necessary to transmit to it considerable horizontal velocity 
of flight. The upward flight of the rocket-carrier should be 
organized in such a manner that the sputnik will be brought to 
the orbit in the minimum possible time and also acquire the 
mequisite horizontal velocity of flight. 

Before launching the rocket, the scientists carry out a series 
-of preliminary intricate calculations pertaining to the selected 
orbit and regarding the most favourable trajectory of outward 
motion of the rocket to the orbit (Fig. 19). 

The first part of the rocket flight is chosen vertical, so that 
the rocket could overcome the denser layers of the atmosphere 
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as soon as possible. This part, however, is usually not great 
and constitutes approximately 20 kilometres. 


Fig. 19. Approximate trajectory of the exit cf the rcckct-carrier 
of the satellite to the orbit 


As soon as the rocket enters the more rarefied layers of the 
atmosphere, it is gradually tilted by means of the mechanical 
pilot, provided it attains the orbit, where it emerges in a hori- 
zontal position with a large velocity of flight. In these calcula- 
tions, the loss in rocket velocity consequent on air-resistance 
and the gravitational drift is also taken into account, and the 
performance of the rocket motors is correctly estimated, so that 
a circular velocity, at which the centrifugal force would neutra- 
lize the earth’s pull, could be assured. 

It has already been pointed out that the minimum value of 
the rocket’s characteristic velocity, the so-called first cosmic 
velocity, which sends the satellite into the orbit passing imme- 
diately near the earth’s surface, is 7°9 kilometres/sec. This 
value depends upon the distance of the sputnik’s orbit from the 
earth. For example, the characteristic velocity for a height of 
1,730 kilometres equals 8,716 metres‘sec. and for a height of 
35,800 kilometres it is 10,709 metres/sec. Finally, with a 
velocity of 11,190 metres sec., the second cosmic velocity, the 
rocket can fly into the cosmos. 

Furthermore, the engineers outlining the programme of the 
rocket-carrier’s upward flight to the orbit have to see that the 
trajectory of this flight is such that the loss in velocity due to 
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air-resistance and the earth’s pull is not more than a few per 
cent of the characteristic velocity. In order to obtain the 
effective velocity of the rocket for the Jaunching of the satellite 
in the given orbit, it is necessary to increase the computed 
value of the characteristic velocity. For orbits of 1,730 and 
35,800 kilometres, for example, the orbital velocities will be 
increased somewhat correspondingly. 

It appears that it is possible to launch a rocket-carrier of 
the satellite far off in any direction. If the rocket is launched 
laterally to the earth’s rotation (Fig. 20). it is possible to get a 
complementary increase in the velocity of the rocket at the 
expense of the velocity of the earth’s rotation. The magnitude 
of this increase depends upon the latitude of the launching site. 
At the equator, for instance, this increase is maximum and 
equals 403 metres/sec. It is more than the velocity of certain 
modern fighter planes. By the degree of approximation to 
pluses, the increase of velocity diminishes. 

It may be asked: what about the aeroplanes ? Well, they 
fly in various directions. Obviously, we are not interested 
whether their flight tallies with the direction of the earth’s 
rotation or not. 


Fig. 20. Possible course of the rocket’s rational flight 
for producing the artificial earth’s satellite 


Indeed, a modern aircraft can fly in any direction. If we 
say that an aircraft is flying at a velocity of 1,000 kilometres/ 
hour, it is presumed that this velocity 1s independent of the 
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direction of flight. Practically, we are completely correct, but. 
precisely only practically. Even theoretically, an aircraft. 
flying along the direction of the earth’s rotation will always be 
somewhat lighter, and the one flying in the reverse direction 
somewhat heavier. However, with the existing aircraft velo- 
cities, these variations of weight are so negligible that one 
cannot take them into account. 

Let us take an aircraft which, say, has a velocity three 
to four times that of sound. Such aircraft are bound to. 
appear in the near future. According to calculations, in such 
a case the effect of the centrifugal force has to be considered 
without fail by the designer. The weight of the aircraft can be 
decreased or increased by approximately 2%, depending upon 
the direction of flight towards the east or the west, and this 
involves, in case of gain in weight, either an increase of flight 
rang2, or the likelihood of the setting up of augmented fuel 
stocks. For instance, we can tell by rough calculations that. 
an aeroplane hovering round the globe in an eastward direction 
can fly through approximately 800 kilometres farther, if it 
possesses the above-mentioned velocity. With further increase 
of velocities, this factor will acquire greater significance. 

We have already pointed out that the satellite’s orbit can 
be not only circular but also elliptical. Elliptical orbits are 
obtained when the velocity imparted to the rocket is somewhat 
higher than the peripheral velocity, or when the velocity within 
a moment of completion of motor’s performance is not directed 
tangentially to the circular orbit. Then, instead of remaining 
in a circular orbit, the rocket rushes farther, and the trajectory 
of its flight becomes an ellipse and is no longer a circle. 

The point on the elliptical orbit nearest to the earth is called 
‘perihe,’ and the point farthest from the earth the ‘acme,’ it being 
known that ‘perihe’ can be much nearer and ‘acme’ much farther 
from the earth than the primordial circular orbit. One of the 
modifications of the launching of the rocket in the orbit at a 
distance of 1,730 kilometres from the earth specifies that origi- 
nally the rocket will fly along an elliptical orbit, during which 
‘perihe’ is nearly at a distance of 102 kilometres and ‘acme’ 
1,730 kilometres. Motors accelerating the rocket up to the 
characteristic velocity for this orbit are switched on the moment 
the rocket reaches ‘acme.’ In the U.S.S. R., the first satellite 
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was successfully launched in the year 1957, while in the U.S. A. 
numerous plans for launching the satellite were announced 
during this period. 7 

We shall describe one of the methods of launching the 
American rocket-carrier of the satellite “Vanguard,” with which 
we are already familiar. The Jaunching of the rocket—carrier 
satellite was supposed to have been accomplished in 1958 on a 
U.S. Air Force base in Patrick (Florida) in a direction 28-35° 
south-east (azimuth 118-125°). The U.S. scientists thought 
that the launching of the rocket-carrier satellite in this direc- 


Fig. 21. Launching the rocket-carrier carrying the satellite 
to the orbit 


I—crane installing the rocket on the launching platform ; 2— 
third stage of the rocket with sputmik (inside) ; 3—second stage of the 
rocket ; 4—first stage of the rocket; 5—command post; 6—launching 
mechanism ; and 7—discharge of exhaust gases. 


tion could precisely guarantee a complementary increase of 
velocity at the expense of the earth’s rotation and also allow a 
convenient observation of the satellite. 
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The rocket must start vertically as shown in Fig. 21 and 
thereafter it will beign to tilt gradually. The moment the 
motor of the first stage ceases to work at a height of 58 kilo- 
metres from the earth, the angle of inclination of the rocket with 
the vertical is 45°. Thereafter, the first stage of the rocket is 
detached, and the motors of the second stage begin to work. 
The first stage will fall on the earth within 370 kilometres of the 
launching site. The second stage will goupas a trajectory 
with an increasing angle of inclination ; the motor stops work- 
ing at a height of 225 kilometres. After this, the rocket will 
rise up to a maximum height of 480 kilometres owing to in- 
ertia and appear at a point located at a distance of 1,125 kilo- 
metres from the launching site. At this point, the engine of the 
third stage begins working (Fig. 22). 
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Fig. 22. Approximate trajectory of the rocket’s outward 
motion lifting the satellite on to the orbit 

1—launching base ; 2—vertical phase ; 3—exit phase to the optimum 
lrajectory ; 4—shut down and separation of the first stage ; S—shut down 
of the second stage engine ; 6—controlled optimum trajectory ; 7—coasting 
flight ; 8—separation of the second stage and the start of the running of 
the third stage : 9—cut-in of the third stage ; 10—stabilizing spin; 11—cut- 
off and separation of the third stage ; 12—sputnik’s orbit ; and 13—velo- 
city 7,620 metres/sec., altitude 320-640 kilometres, distance from the 
launching base 2,100 kilometres, and time after launching 10 minutes. 


5 “Accuracy of Firing” of rocket-carriers of the 
satellite 


The launching of the rocket-carriers in a determined orbit, 
as already emphasized, is an extremely complicated affair. It 
requires & most accurate working of a number of instruments, 
some of which are described below. Even the most insignificant 
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error in any of these instruments renders the launching a total 
failure. 

The accuracy of firing the orbital rockets depends upon a 
number of principles. An error of 1% in the angle of elevation 
of the velocity vector at the end of the operation produces 
a height variation of ‘perihe’ (and ‘acme’) by 120 kilometres. 
An error of 30 kilometres;sec. in velocity with the horizontal 
direction will bring about a height variation of ‘acme’ by 110 
kilometres. Ifthe extreme heights of the artificial satellite’s 
elliptical orbit fluctuate within the limits, say, eg., 370 kilo- 
metres (‘perihe’) to 1,480 kilometres (‘acme’), and the end of 
the operating part of the trajectory is situated at a height of 
560 kilometres, an absolute error up to 2° 30’ in the angle of 
elevation and a relative error up to 1%, in horizontal velocity 
are, however, permissible. For a satellite flying at a height of 
several hundred kilometres, the height variation of flight by 
300 metres will cause a variation in the period of rotation by 
0°4 seconds. A variation of 30 metres/sec. in initial velocity 
will produce a variation of 70 seconds in the period of rotation. 
An error in the angle of elevation at the end of the operating 
part of the trajectory of the satellite does not affect the period 
of its rotation. The satellite velocity changes with its motion 
along the elliptical trajectory, in which case if “perihe’ is located 
at a height of 370 kilometres and ‘acme’ 1,480 kilometres, the 
difference in velocity is 1°22 kilometres/sec. 

The requisite ‘‘firing accuracy” of the rocket-carriers of 
the satellite is secured by appropriate steering devices. What 
are these devices and how is a rocket-carrier steered during 
flight ? Let us answer these questions. 


‘6. Control of satellite by rocket-carrier in flight 


The trajectory and the system of the flight of the rocket, 
which have been calculated preliminarily, must sustain them- 
‘selves. In order to accomplish it, the rocket must have 
most accurate instruments which are connected with the opera- 
tion of ground installations. However, the principle on which 
a majority of these functions is based is very complicated. Let 
us, therefore, describe, in the first instance, the problems which 
will be carried out by fundamental appliances. 

In order that the rocket-carrier goes out into the orbit 
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according to the computed trajectory, as well as the operating. 
conditions and the working time of the sectional stages of the 
rocket are strictly adhered to, it must be directed throughout 
the course of its flight. If controls similar to the rudders of the 
jet aircraft cculd be used in the dense atmosphere for changing 
the course of the rocket flight, then they will be less effective 
in the highly rarefied atmosphere. 

But, then, how could we exercise contro] ? Tsiolkovsk; 
suggested the use of the so-called gas rudders for this purpose, 
whose working is based on a particular principle. The rudders, 
which are manufactured from refractory materials and graphite: 
and are placed in the jet, break loose from the jet of incandes- 
cent gases, divert it in one or the other direction, or change 
the course of the rocket flight by themselves. The turning of 
the gas rudders is accomplished either by means of a scheduled. 
mechanism, or by radio-signals from the earth. 

There is a second method also which has been mentioned 
while describing the rocket-carrier of the satellite. If the 
rocket has not only central but also side motors, we can control 
the rocket direction by connecting or disconnecting the motors. 
alternately after its outward motion in the cosmos. 

Finally, the rocket can be constructed in such a way that. 
we can change the direction of the jet of the escaping gases by 
tilting the longitudinal axis of the motor with respect to the 
rocket’s longitudinal axis. Such a method of control is used in 
a number of modern long-range rockets. 

The stability of the rocket during the course of its flight on 
a trajectory, while it has been launched, is of paramount impor- 
tance. This, in other words, means that the rocket would not. 
tilt while moving and also follow the assigned trajectory of 
flight. It appears that an autopilot with gyroscopic sensitive 
elements is the most important unit of the system of stabilizing 
the rocket during flight. Gyroscope is of a special type rotating 
with a large angular velocity and tends to preserve the direction: 
of its axis of rotation relative to universal space as constant. 
In other words, the axis of a free gyroscope tends to preserve: 
the position which is assigned to it at the start. Gyroscopic 
devices, by means of which the rocket stability in flight is. 
accomplished, make use of this property of gyroscopes precisely. 
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It isin this principle that the designers of aviation instruments. 
have constructed a device called the autopilot. 

The principle of the working of an autopilot can be elucida- 
ted from Fig. 23, where the structural outline of this device 
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Fig. 23. Structural details of an autopilot 
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Fig. 24. The setting of an autopilot 


P,, P,, P3—potentiometers ; G,, G,—gyroscopes. 


controlling the angular positions of the rocket in flight accord- 
ing toa scheduled programme has been shown. Gyroscopic 
sensitive element senses the angular tilts of the rocket and 
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gives a signal proportional to these changes at its exit. The 
servomotor generates the signals proportionate to the given 
angular inclinations of the rocket automatically. Ifthe rocket 
does not fulfil the assigned flight programme, the difference 
between the signals of the sensitive element and the servomotor 
is conveyed to the amplifier and then to the steering machines 
controlling the rocket. Besides, the rudders are turned in such 
a direction as to remove the disharmony between the specified 
and the actual angular positions of the rocket. 

In some rockets, for instance, ‘‘V-2”’ and others, the autopilot 
had only two gyroscopes with three degrees of freedom (Fig. 24). 
The axis of the first gyroscope (G,) was parallel to the trans- 
verse axis of the rocket, so that the rotation of the rocket about 
this axis could not be perceived by means of this gyroscope. 
It was used for controlling the rocket motion relative to its 
longitudinal and vertical axis. The control was accomplished 
by means of two wire pontentiometers. One (P,) served to 
record the deviations of the rocket off the course and the other 
{P,) about the longitudinal axis. Potentiometers were 
placed at the cardian joints of the gyroscope at right 
angles to each other. The signals taken from the poten- 
tiometers were amplified by vacuum tubes and conveyed to 
the appropriate steering machines and rudders. The other 
gyroscope (G,) served to control the motion round the transver- 
se axis. The turn of the rocket round the transverse axis was 
known by means of a wire potentiometer (P;:, from which the 
signal after amplification was conveyed to the appropriate 
controls. The turning of the rocket around the lateral axis 
with its motion along the trajectory was accomplished by a 
special rotation of the axis of the gyroscope (G,) in a plane 
parallel to the normal and longitudinal axis of the rocket. This 
rotation, which proceeds according to the established schedule, 
must be in conformity with the computed trajectories of the 
rocket motion. The nature of the variation of the angles of 
inclination of the Jongitudinal axis of the rocket to the horizon 
has been shown in Fig. 25, 

As can be seen from Fig. 25, the part of trajectory of the 
flight of the rocket-carrier up to its outward motion towards 
the orbit, z.¢., till the longitudinal axis assumes the horizontal 
position, is broken at a number of stages (in Fig. H,, H2, H;, 
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H,, etc.). There can be many such stages depending upon the 
orbital height. The determined angle of inclination of the 
rocket’s Jongitudinal axis to the horizon (L,. L., £3, ete.) pertains 
to each of these stages. At the first stage, this angle is usually 
90°, z.e., the rocket flies vertically. 

At the farthest along the stages, this angle changes gradually 
according to its variation on the trajectory of flight computed 
beforehand. The schedule of the rocket flight is set at the 
instruments of the rocket control according to the calculated 
trajectory. These phased instruments regulate the supply of 
fuel and the position of the rudder. 

It is natural that there should be devices in the rocket for 
measuring and registering its velocity at different stages of its 
flight accurately, as well as for controlling the execution of the 
assigned programme. 
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Fig. 25. Trajectory of outward motion of the rocket-carrier 
to the orbit by means of phased instruments of control 


H,, H,, H, and H,—rocket altitude; Z,, Z,, £3, and L,—angles of 
projection of the rocket’s longitudinal axis with respect to horizon ; 
V,, Va, V3, and V,—direction of velocity vector of the rocket’s flight ; 
V,,—vector of rocket’s angular velocity ; and H,,,—orbital height of the 
satellite. 


In the former rockets, their velocity of flight was measured 
by the radio-engineering technique. The rockets were equipped 
with the transmitter and the receiver. The radio-transmitter 
generated oscillations which were received by the station located 
at the launching site. The Doppler effect, which was also 
observed, was used for determining the velocity of the rocket’s 
flight. This effect is often observed in the domain of acoustics, 
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when, for instance, we hear the horn of an approaching or a 
receding engine. Inasmuch as the frequency of sound of an 
approaching locomotive increases and that of a receding loco- 
motive decreases. the Doppler effect is perceived as an appreci- 
able variation of the sound note as a result of motion. 

The rocket’s velocity can also be judged by the frequency 
variation of the radio-signa] being emitted by the rocket. When 
the rocket attains the necessary velocity, a corresponding signal 
is sent out from the earth at the appropriate moment. The 
radio-receiver placed on board the rocket picks it up, and the 
supply of fuel is discontinued. This method is defective, since 
the radio-receiver can respond to false signals and disturbances. 
Nevertheless, as the methods of noise control were developed, 
the radio method for the measurement of the velocity of flight 
was replaced by an autonomous method of measurement based 
on the measurement of accelerations by means of an accelero- 
meter and the integration of these accelerations. The principles 
of the working and design of the accelerometers can be different. 

Fig. 26 describes an integrating accelerometer. The accelero- 
meter representing a gyroscopic pendulum installed in the 
‘Cardan ring G has been used. The axis CD is the pendulum 
axis. The ring of the slinger G can turn round the axis HF, 
which is parallel to the longitudinal axis of the rocket. The 
axis BA of the rotation of the gyroscope is held at right angles 
to the axis £F automatically by means of an adjusting switch 
and the electromotor M. 

At the tilting of the gyroscope’s axis AB from its direction 
perpendicular to the axis HF, the adjusting switch connects 
the relay with the supply of the electromotor 4. The driving 
‘moment of this motor is communicated across the decelerator to 
the axis HF of Cardan ring G, forcing the gyroscope to shift 
towards the restoration of perpendicularity of the axis AB and 
EF. In this way, the electromotor M keeps the gyro-pendulum 
in normal working condition, when the latter’s sensitivity is 
maximum, and also fully compensates the effect of the moments 
‘of friction at the axis HF. 

If the rocket is flying with an acceleration a, the force of iner- 
‘tia, P= Mass m of the pendulum xX acceleration a, will act on the 
pendulum. Moment Rp from this force, having been direct- 
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ed along the axis CD induces an angular velocity of preces- 
sion W, of the gyroscope about the axis EF. The angle of the 
turn of the gyroscope’s axis arcund the axis HF isa time 
integral of the angular velocity of precession, 7.e., it is propor- 
tional to the time integral of acceleration, or to the velocity of 
the rocket’s flight. The influence of acceleration due to gravity 
has already been accounted for and compensated. 

With the axis EF of the accelerometer is connected the 
‘cylinder V, which controls the deflection of that gyroscope of 
the autopilot which brings about an inclination of the longitu- 
dinal axis of the rocket with regard to horizon. Thus, the 
curvature of the trajectory of the rocket changes, depending 
apon its velocity in accordance with the calculated motion. 
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Fig. 26. An integrating accelerometer 


AB—axis of the gyroscope ; CD—pendulum axis of ihe Cardan ring ; 
‘G—Cardan ring ; M—electromotor ; R—resultant of inertial forces (ma- 
mass and acceleration) ; M,—torque ; N—drum controlling the turning of 
the gyroscope G, ; and W,—angular velocity of gyroscope’s precession. 


It must be noted that if as a result of the action of the 
-wind, the flux of micro-meteorites or other causes, the longitu- 
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dinal axis of the rocket is displaced parallel to itself, the gyro- 
scopic instruments do not perceive the change. However, such 
a deviation from the trajectory is undesirable just like the 
variation of the angle of Tangazh or that of Riskanye. For a 
rectification of similar deviations, which strongly develop in 
flight, a method well known by the name of “‘radio-navigation”’ 
can be used. 

The method of ‘‘radio-navigation”’ is based on the principle of 
radio. location. Let us suppose that two stations on the earth are 
sending signals to the rocket and receiving back reflections of 
these signals. The stations are so arranged and their apparatus 
so installed that if the rocket flies along the normal course, 
both the stations will receive the reflected signals of an identical 
magnitude. If owing to any reasons, the rocket deviates from 
the course, one of the stations will receive the signal of a greater 
and the other of a smaller magnitude. The magnitude of 
this deviation from the course is computed precisely and 
instantaneously at the terrestrial station by the difference of 
signals with the help of computers, and an actuating signal 
corresponding to the deviation is quickly generated and trans- 
mitted by radio to the rocket directors. Consequently, the 
rocket can be directed by such a method. 

However, this method proved inadequate, particularly 
during the control of the rocket flight at large distances. Besides 
the restricted range of action, the rocket’s direction along the 
radio track can be unreliable owing to the influence of artificial 
and natural radio interferences. For some time past, autono- 
mous means of orientation by inactive gyroscopic and astrono- 
mical guidance systems for the control of rockets and aero- 
planes have begun to be applied. They have different layout, 
but the principle of their action is one and the same. The 
accelerations of the rocket are measured by means of accelero- 
meters and they are integrated with respect to time, as a result 
of which is obtained the velocity of flight. The integration 
of velocity makes it possible to obtain the route of the rocket 
and the co-ordinates of its positions. The principle of the 
action of the astro-inertial guidance system can be explained 
by 2 simple arrangement (Fig. 27). 

Let there be a telescope installed in a rocket and auto- 
matically keeping track of a star. Asthe star is at a great 
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distance from the earth and the rays of light emanating from it 
are parallel to one another, so by a displacement of the telescope 
from point 4 to point L, its axis remains parallel to itself. A 
hinged platform is fastened to the telescope, on which the 
accelerometer and motor D connected with the telescope through 
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Fig. 27. An astro-inertial guidance system 


D—engine ; C—reducing valve ; h,—altitude of star ; A and B— 
positions of astro-inertial orienter ; and Lyer—angle giving the position of 
the platform of the orienter (cqual to the distance covered by the rocket 
divided by the radius of the earth). 


a declerator C are placed. The accelerometer measures the 
accelerations along the plane of the platform. 
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The signals of the accelerometer are integrated by two 
integrators connected in series. At the output of the first 
integrator, we get velocity and that of the second the route 


traversed. Motor D turns the piatform through an angle ee 


which is defined as the traversed route divided by the radius 
of the earth. Asa consequence, if before the outward flight 
{at point A), the platform has been arranged exactly horizontally 
and the height of the star is equal to angle f#,, then in the 
process of flight the platform is turned continuously by motor 
D through an angle en and the height of the star is equal 
to hott re Besides, during the time of flight, the platform 
preserves strictly its horizontal position independent of what- 
ever accelerations originate in the process of the rocket flight. 

In Fig. 27 is depicted the motion of the rocket in one plane 
only. For getting the magnitudes and directions of the velo- 
cities of flight and the route traversed, two similar devices 
directed by the telescopes towards two stars are used. Since 
each of these devices measures the acceleration, the velocity 
and the course in the established direction, the full velocity and 
journey are given as a geometrical resultant of the measured 
composite velocity and path. The platform and the accelero- 
meter preserve their horizontal position during the process of 
flight. Asa result of this, the accelerometer does not measure 
the vertical component of the acceleration due to gravity. 

If the platform has an initial tilting (angle B) relative to the 
horizontal plane, the accelerometer will measure the component 
of the acceleration due to gravity (g. sin 8), projected on the 
plane of the platform (Fig. 28). The integrators will indicate 
this component, and the motor D (Fig. 27) detlects the platform 
in the direction of the decrease of angle 8. At the moment of the 
approach of the platform towards the horizontal position, the 
component of acceleration (g. sin 8) will be equal to zero, but 
the motion of the platform will not stop, as the first integrator 
will store maximum signal during this period. Under the effect 
‘of this signal, the second integrator will continue to work and 
force the motor D to deflect the platform to the other side 
with regard to the horizontal plane. As a result, the periodic 
continuous oscillations with a period of 84°4 minutes (if rocket 
flies near the earth’s surface) are set up with an amplitude equal 
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to the initial angle of the platform’s deviation from the 
‘horizontal plane. 


Ad 


Fig. 28. Emergence of periodic continuous oscillations of the 
platform of the astro—inertial guidance system 


g sin £—projection of acceleration due to gravity on the plane of 
eorienter platform. 


It is interesting to note that the mathematical pendulum 
has also a similar period of oscillations (such a pendulum has 
the whole mass concentrated at one point) with the suspension 
length equal to the radius of the earth. Even the sputnik 
would have a similar period of revolution around the earth, if 
its flight takes place on an identical height with the pendulum. 
Pendulums with a period of 84°4 minutes have the quality of 
not getting oscillated by the forces of inertia originating with 
the motion of the point of their suspension. 

A platform with an accelerometer of the astro-inertial system 
has also the above-mentioned characteristic of a pendulum. 
‘The telescope tracking the celestial star plays the role ofa 
‘device which preserves the direction of its axis in universal 
space. Instead of a telescope in the case of a gyro-inertial 
system, a gyroscope, which owing to its stable characteristic can 
also maintain the position of the axis of rotation in space, is 
utilized. Nevertheless, as compared with the astro-inertial 
‘system, the gyro-inertial system does not totally depend upon 
the external conditions of flight and appears to be absolutely 
autonomous from this point of view. But to obtain highly 
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accurate measurements of the flight velocity and distance 
covered by the rocket, the gyro-inertial guidance system must 
have gyroscopes with a very small departure due to the forces of 
friction in the bearings of suspension and unbalancing. If the 
gyroscope has a deviation of 1° per bour, than the gyro-inertial 
system gives an error in the measurement of the traversed 
distance equal to an arc of 1° on the earth’s surface or 111 
kilometres for every hour of flight. 
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Fig. 29. The direction of the satellite during the flight of the rocket- 
carrier by means of autonomous methods of navigaticn. 


Special gyroscopes of a high accuracy have been developed 
for gyro-guidance systems, 1n which the rotating rotor-gyroscope 
is placed in an airtight pontoon floating ina liquid with a 
large specific gravity. The leverage of the pontoon is chosen 
equal to its weight, as a result of which the pressure at the 
Cardan supports is practically absent. and simultaneously the 
frictional forces at the bearings also disappear. Such “floating” 
gyroscopes are also employed in autopilots and other automatic 
devices on aeroplanes and rockets. 

The control during the flight of the rocket by means of 
autonomous agents of navigation leads to the following (Fig. 
29). The programme assigner putsa trajectory along which 
the rocket must fly. The astro-inertial guidance system (or the 
gyro-inertial system) and the altitude gauge measure the actual 
co-ordinates of the rocket position with regard to earth. 

If the actual position of the rocket differs from the assigned 
position, a difference of signals takes place between the pro- 
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gramme assigner and the co-ordinate ineasurers of the rocket 
position. The difference of co-ordinates is conveyed to the 
autopilot, which guides the rocket ruciders so as to restore the 
rocket to the assigned position, according to the schedule, by 
electric signals. The structural parameters of tne autopilot are 
usually chosen in such away that the progess of guiding the 
rocket along the trajectory proceeds smoothly without large 
deflections and damping oscillations. 

The process of controlling the rocket during flight along 
the assigned trajectory is connected with the solution of a 
number of complicated mathematical problems. The solution 
of these problems by means of the old calculating technique 
based on the applications of analogous computers results in 
increasing the volume and weight of the calculating machine 
to considerably large dimensions, and this is reflected especially 
in the aero-characteristics of the rocket. It is proposed to instal 
in future on rockets discrete digital computers based on the 
utilization of semi-conductor elements and of crystal diodes and 
triods. Such calculating appliances help to resolve mathe- 
matical problems with unlimited accuracy which is impossible 
to obtain from analogous computers. Besides, their design 
can be compact with an insignificant consumption of electric 
energy. 

We stopped only to consider the most important instru. 
ments of the rocket-carrier. In fact, they can be many, and 
all processes connected with the control of the rocket flights 
will be rendered considerably more complicated. We should 
also keep in view the fact that intensive work is being done in 
all countries of the world on individual types of such instru- 
ments, as also on the methods of accomplishing the various 
stages of control. The instruments, which were considered 
perfect three to four years ago, have already been outmoded 
because of great achievements in this field. Indeed, something 
mew is being added to this branch of knowledge every day. 

The launching of the artificial earth’s satellites became 
possible of realization in the Soviet Union only because of 
idea], sensitive, precise and reliable automatic instruments of 
rocket control. In an article published in the Washington 
Post and Times Herald, the Americans admitted that the 
Soviet scientists had produced and fitted electronic compo- 
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nents and mechanical devices on which the U. S. scientists had 
yet to work. Wuring the period of the successful launching of 
the Soviet sputnik into the orbit, they ‘‘couid neither operate a 
single rocket component correctly nor take the whole flight.”’ 

It is thought in the U. 8. A. that an error even of the angle 
of orbit would have led to failure. The successful launching of 
the Soviet sputnik indicates that the electronic brain construct- 
ed by the Russians worked faultlessly during the moments of 
flight by correcting deflections, if any, and steadily separating 
the different parts of the rocket-carrier. In the general opinion, 
the creation of the satellite nullified for ever the ‘western 
notion”’ in this regard that ‘‘the Russians cannot match the 
U.S.A. in the field of electronics.” 


CHAPTER IV 
TYPES OF THE ARTIFICIAL EARTH’S SATELLITES 


1. Classification of the earth’s sputniks 


Till the successful launching of the first artificial satellites 
of the earth by the U.S.S. R., a number of countries were 
busy in evolving the designs of satellites, which differed from 
one another in dimensions, form, orbital height, assignment, 
etc. Today, we have a good number of such designs, besides a 
hundred layouts of interplanetary stations. Most of them, 
however, bear an imaginary character ; nevertheless, some of 
them deserve detailed examination. We shall study a few of 
the important designs. 

According to assignment, the artificial satellites of the 
earth can be divided into three main classes: 

(4, Small orbital satellites of the earth ; 
(22) ‘Satelloids’ ; and 
(222) Artificiai satellites of the earth of a fixed type, or 
interplanetary stations. 


2. Small orbital satellites of the earth 


During the period of the International Geophysical Year, 
the U.S. S. R. launched the first artificial satellites of the earth. 
The U.S. A. also had since launched its first satellite. 

Some American scientists speak of the production of a 
sputnik having a diameter of nearly 500 millimetres and weigh- 
ing 10 kilograms, which would be launched by means of a tri- 
stage rocket. Such a sputnik will complete one revolution 
round the earth in 1‘5 hours while moving in a circular orbit at. 
a height of 320-480 kilometres with a velocity of 29,000 kilo- 
metres/hour. The orbit should pass through the North and 
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South Poles. One of the sides of the satellite must face the 
sun throughout, so that solar energy could be transformed into 
electrical energy feeding the scientific instruments. Also, the 
radio-station located on the satellite could be exposed to light. 
Radio-signals from the satellite communicating the results of 
observations carried out by instruments will be picked up by 
radio stations of many countries of the world. It is presumed 
that the sputnik will continue to work for a period ranging from 
a few days to several months, that it will be visible to the 
naked eye at sunrise and sunset, and that its exact position, 
velocity and orbit could be easily determined from the earth’s 
surface. 

The ballistic rocket of military adaptation, called the 
Redstone, probably appears to be the first stage of an American 
composite rocket-carrier of the sputnik, and the ballistic 
altitudinal rocket, named the Aerobikh1, the second stage. The 
third stage, z.e., the sputnik proper, will be fed by the rocket 
motor to ensure the necessary orbital velocity. It has been 
indicated that the composite trans-continental ballistic rocket 
under production, the terminal velocity of whose top-most stage 
will be nearly 6,700 metres/sec., will serve as the initial stage of 
the sputnik. 

As for the form of the first satellites, we have today several 
designs. One such design is where, as some scientists think, 
the sputnik should not necessarily be spherical having a dia- 
meter of 500 millimetres and weight 10 kilograms. Of these, 
there are two types, namely, active satellites and passive satel- 
lites. 

Active satellites are those sputniks which have minimum 
dimensions and weight, depending not on visual observation 
but on the transmission of the results of scientific observations 
by means of radio. This body cannot be separated from the 
last stage of the rocket-carrier. Passive satellities, on the 
other hand, are those sputniks which are like a large expansible 
ball, ensuring a good visibility of the satellite, but are not 
suited to carry scientific instruments. The information regard- 
ing the designs of active satellites has often been published in 
different periodicals, but about passive satellites less often. 

Obviously, the second group of satellites, namely, passive 
satellites, appears to be the simpler of the two. It has, there- 
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fore, been proposed to consiruct an artificial satellite without 
instruments, especially for measuring the large distances on the 
earth, for knowing the atmospheric density at great heights, 
for determining the variation of gravity along the earth’s surface 
and for defining the shape of the earth more accurately. 

Smnce this sputnik will not transmit any signals, but only 
serve the purpose of observation from the earth, it is appro- 
priately designated the Beacon. It will represent a thin-walled 
plastic ball coated with an aluminium foil and be transported 
to the orbit in a composite form. The sputnik will be ejected 
from the rocket at the orbit located at a distance of 320 kilo- 
metres from the earth, where it will be inflated with air or 
earbon dioxide viving it the form of a ball with a diameter of 
nearly 3} metres. It is presumed that such a ball, when viewed 
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Fig. 30. A miniature artificial earth’s satellite of the type Mouse 
developed by Prof. Singer (U. S. A.) 
1—counter of solar ultraviolet rays; 2—antenna oriented towards 
the sun incorporating an electron and heavy particles counter ; 3—counter 
of solar x-rays ; 4—solar battery ; 5— power source ; 6—clectronic instal- 
lation ; 7—earth’s albedo meter ; 8—cosmic dust collector ; 9—magneto- 
meter; 10—antenna in the shade with cosmic ray and aurora polaris 
counters; 11l—radio-transmitter operating ultra-short-waves; and 
21—-radar beacon. 


from the earth, will look brighter than a star of the first magni- 
tude. Surely, as it will move along the orbit, there will take 
place the leakage of gas in space ; nevertheless, the ball will 
not get deformed, because of the absence of forces that could 
Aatten it. 
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Probably, such a satellite will be easy to observe and 
photograph in flight, thereby permitting an exact computation 
of its orbit, as well as of the distances at the earth's surface 
which are of particular interest tous. A paper on sucha 
satellite was read at the International Congress on Astronautics 
by the representative of the Franklin Institute of the U.S. A. 
Such ‘‘passive’’ sputniks were proposed for a different assign- 
ment also. 

Small radio equipped earth’s satellites carrying automatic 
apparatus for scientific observations, undoubtedly. arouse great 
interest. Their designs can be extremely varied. [t is presum- 
ed that the final form of such a satellite will be based on the 
project Mouse, offered by Prof. Singer of the University of 
Maryland, U.S. A. The title of the earth’s satellite WWuish 
in English denotes “‘Jfouse,”’ but this is only a casual coincid- 
ence derived from the initial letters of the complete title : 
“Minimum Orbital Unmanned Satellite of the Earth.” 

The model of the small automatic satellite. designed by 
Prof. Singer, has two varieties : cvlindrical (Fig. 30) and 
spherical (Fig. 31). Whereas the cylindrical satellite is suppos- 
ed to have a weight of 45°50 kilograms (with the weight of 
instruments equal to 20 kilograms), the weight of the spherical 
satellite, which has a big diameter (obviously, for an improve- 
ment of its tracking in flight), ranges between 9 ~14 kilograms. 
the weight of instruments being 5-6 kilograms. 


3. Designs of the satellite Mouse and other small-sized 
sputniks of the earth 


The scheme of Prof. Singer has, however, undergone a 
number of modifications. First of all, it was necessary to define 
the object of the launching of this satellite, t.e., to mark those 
problems precisely which it would help to resolve. The range 
of these problems, as seen earlier, is extremely large and varied. 
Thus, it is clear that the first sputnik will not be in a_ position 
to solve all of them. Consequently, it became necessary to 
isolate a minimum number of primary problems requiring 
solution in the first instance, and, later, gradually enlarge their 
range for investigation. 

Besides, it was thought that a satellite, while slowing 
down gradually and losing heigkt, would not burn _ itself 
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completely in the dense Javers of the atmosphere. Thus, the 
instruments installed on the satellite could be preserved. We 
should also ke able to do away with the radio-transmitter and 


Fig. 31. Minimum orbital unmanned satellite of the earth 


l1—antenna ; 2—gamma ray counter ; 3—electron counter ; 
4—counter of solar x-rays ; 5—sun rays; 6—counter of solar ultraviolet 
rays ; 7~ magnetometer ; 8—transparent lenses ; 9—solar energy source ; 
10— battery ; 11!- transmitter and radio beacon; 12—counter of cosmic 
rays and aurorae ; 13— motor and throttle valve; 14—rotary recording 
drum ; and 15—recording head. 


the power supply in a satellite. A number of auxiliary explo- 
ratory devices and instruments could be set in the sputnik. 
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However, the investigations carried out so far have not been 
successful. Consequently, the idea that the first satellite 
could be preserved had to be abandoned, and Prof. Singer’s 
project appeared in a revised form. The sputnik will represent 
a hollow aluminium ball with a diameter of nearly 600 milli- 
metres and weighing nearly 10 kilograms (Fig. 31). The 
stabilization of the sputnik in space will be secured by the 
rotary motion imparted to one of its axes, which will be directed 
towards the sun till the take-off. Its orbit, it is assumed, will 
be situated in the plane passing through the poles of the earth 
and at right angles to the sun’s rays. Thus, one and the same 
side of the satellite will always remain exposed to the sun. 
Accordingly, plastic lenses ensuring the receipt of the maximum 
amount of solar energy for charging the satellite's batteries 
will be placed on this side. A hollow aluminium tube will be 
disposed along the sputnik’s axis, and its extremities will carry 
out the functions of an antenna. Finally, the sputnik will 
carry instruments for recording the cosmic and gamma rays, 
electrons and other particles. 

The body of the satellite will have two windows. One of 
these will have specially compounded glasses to allow ultra- 
violet rays only, while those of the other will be made of an 
alloy of beryllium to admit only x-rays. Inside the sputnik, 
near the corresponding windows, will be installed counters of 
ultraviolet and x-rays, besides a magnetometer and a measurer 
of the reflection factor (albedo)! of the earth. All these 
observations will be recorded on the magnetic tape. 

Since the resources of energy on the sputnik will be extre- 
mely restricted, the data will be transmitted to the earth during 
the period the sputnik will go round the earth when it will pass 
over the receiving stations located in the vicinity of the North 
and South Poles. At this moment will be released from the 
earth, and possibly from an aircraft, a satellite transmitter by 
means of radio, which will transmit the data recorded on the 
tape of the reel (received from the satellite) in its flight from 
one pole to the other. 

In order to be able to transmit the entire transcription, the 


1, Albedo shows what part of the incident Jight is reflected by 
the given surface. 
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velocity of the rotation of the reel during the time of trans- 
mission must exceed the velocity of its rotation during trans- 
cription, inasmuch as the time during which the sputnik 
completes half a revolution round the earth exceeds the time of 
transmission. 

This satellite, as already stated, will perform a complete 
revolution round the earth in 90 minutes. According to Prof. 
Singer, such a sputnik will continue to exist for nearly twelve 
days, thus completing about two hundred rotations round the 
earth during this period. 

However, Prof. Singer’s design of the satellite, which we 
have examined, is undergoing constant modifications. Only 
recently, it appeared in press that he had altered the sputnik’s 
shape, that it was not spherical but cylindrical and more 
compact, and that it rotated around its longitudinal axis with 
a net weight of 20 kilograms (only instruments are implied). 


4. Mechanism of’ the American automatic earth’s 
satellite 


At a meeting of the association of the instrument manufac- 
turers of the Scientific Research Laboratory of the U.S. naval 
fleet, held in New York, a model of a small automatic 
satellite of the earth was demonstrated (Fig. 32). The satellite 
was fitted in the head-part of the rocket-carrier, the length of 
the rocket being 21'6 metres and weight 11 tons, by means of 
which it was proposed to launch it at a pre-computed orbit 
with the Perigee at 550 kilometres and Apogee at 2,200 kilo- 
metres. 

The satellite represented a shits with a diameter of 508 
millimetres and a total weight of 9°5 kilograms. It had four 
drawn-out antennae (3) representing quarter-wave vibrators, 
and distributed across 90° in the sphere of the sputnik. The 
operating condition was that all these would be pushed out of 
the frame the moment the gatellite would be located at its 
pre-computed orbit. 

It was said that the first sputnik would have only the 
transmitter ‘‘“Minitrek,” but the subsequent models included the 
‘‘ Minitrek”’ as well as the telemetric systems. The radio-trans- 
mitter of the ‘‘Minitrek’’ type was intended to find out the 
direction of the sputnik. It was a single-stage generator 
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mounted on a single semi-conductor triode and emitting radio- 
signals continuously. 

The power of the radio-transmitter was 0°01 watt and its 
weight, together with that of the battzries, did not exceed 
400 grams. The operating frequency of the transmitter, which 
was 108 magacveles'sec., guaranteed the admissible weight 
and efficiency of the generator on the one hand and a consider- 
ably little influence of the ionosphere on the propagation of 
radio-waves on the other. At the flight altitude of the sputnik 
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Fig. 32. Mechanism of a small automatic earth’s satellite 
1—radio-transmitter of the type ‘‘Minitrek” ; 2—counter measurer 


and memory computer; 3—velescopic antennae ; 4—sensitive micro- 
phone ; 5—electric thermometers ; 6—photocells of the memory mecha- 
nism; 7~—case (cylinder) for equipment ; 8—power supply (mercury 
battery) ; 9—erosion recording devices ; 10—-gas chamber for measuring 
ultraviolet radiation; t[tl—satelli2 surface; and 12—pressure gauge 


which records the meteoritic collisions. 


of 480 kilometres, the ionizing layers of gases work as an outlet 
for electromagnetic waves having a frequency of 108 magacy- 
cles/sec. Besides, there will be some refraction of radio-waves 
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also during the reception of signals by ground stations, and 
also angular error in locating the sputnik’s position. With an 
increase of the frequency of radio-waves, this angular error can 
be reduced, but the increase of the frequency tends to decrease 
the efficiency and increase the weight of the transmitter. 

The engineers of the Scientific Research Laboratory of the 
U.S. naval tleet, it was reported, have worked out a plan for 
setting up scientific experiments by the application of telemet- 
ring apparatus at different sputniks without disturbing the 
constructional basis. The entire radio equipment is executed 
by the application of printed mounting. The system of mount- 
ing of equipment is designed in such a way that it allows the 
height of the instruments to vary easiJy while preserving their 
diameter. 

In order to communicate measured parameters by the tele- 
metring system, a special transmitter with a power of 100 
milliwatts and an operating frequency of 220 magacycles is 
supposed to be made use of. The modulation of amplitude in 
the telemetring transmitter is accomplished in accordance with 
the signals coded by the input device. So far as the energy of 
the telemetring transmitter is concerned, it is consumed only 
after the reception of impulse interrogated from the earth. 
‘The electric power to the satellite is supplied by mercury 
batteries (8), which have a capacity of two weeks’ continuous 
functioning. All basic instruments for carrying out observa- 
‘tions and the transmitter are placed in a light insulated cylinder 
(7), 1830x75 millimetres, which is attached to the internal 
‘circuit of the earth’s satellite (Fig. 32). 

For the solution of a number of scientific problems on this 
first satellite, there are special devices. Among these, the chief 
ones are : 

(1) a sensitive microphone (4), which absorbs the impacts 
of meteoritic dust on the satellite’s surface ; 

(2) instruments (9), which record the weathering of the 
sheath produced as a resu't of the action of meteo- 
ritic dust ; 

(3) pressure indicator (12), which records the occurrence 
of meteorites in the satellite ; 

(4) electric thermometers (5) for measuring temperatures 
from +150°C to—140°C ; and 
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(5) gas chamber (10), which measures the ultraviolet 
radiation of the sun. 

One of the thermometers (5), referred to, will measure the 
internal temperature of the sputnik in the range 0°—80°C, 
while the other two, located on the case of the sputnik, will 
record the temperature consequent on aerodynamic heating, as 
also the temperature variation caused by the motion of the 
satellite in the orbit. Aerodynamic heating will not exceed 
4+- 150°C as anticipated, and the temperature at various points 
of the orbit will vary between—40°C to +75°C. 

In order to obtain information regarding the bombardment 
of the sputnik by meteoritic particles, two methods can be 
used. The first is where a crystal microphone (4) and an 
amplifier for recording the impact of particles are installed on 
the rocket. This method gives data regarding the number of 
particles and their velocities. The transistor amplifier and a 
counter capable of recording the impact of particles, varying 
in size from 1 micron to apparent sizes, are employed on the 
sputnik. The assembly weighs 1‘2 kilograms and is capable of 
operating for a period of thirty days. 

The measurement of the resistance of the material of the 
satellite’s jacket by means of a special device also determines 
the intensity of the impact of particles through the disintegra- 
tion of the sputnik’s jacket. Furthermore, the application of 
radio-active materials and Geyger’s counters help to know the 
results of the bombardment of the sputnik by particles in 
accordance with the magnitude of surface erosion. 

For the investigation of solar radiation, the illumination on 
the “‘bright”’ and ‘‘dark’”’ sides of the sputnik is measured, and 
also the hydrogen line of Laiman-Alpha studied. The device 
for the detection of the spectral lines of Laiman-Alpha repre- 
sents an ionization chamber, sensitive to the ultraviolet 
radiation with a maximum sensitivity to the hydrogen line of 
Laiman-Alpha (1215, 7A°).!. This chamber is filled with nitric 
oxide. Solar radiation enters the chamber through a lithium 
flouride window, which, acting asa filter, ensures the permea- 
tion of the radiation of requisite wave-length only into the 
chamber. Asis known, the abrupt ionospheric disturbances 
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and the weakening of radio-communications are associated with 
the sun’s spots, on which depends the intensity of the hydrogen 
line of Laiman-Alpha ; hence its study is of great interest. 

The information regarding the hydrogen line of Laiman- 
Alpha will be memorized on board with the help of a device, 
and later transmitted to the earth by telemetring. The window 
of the chamber, having been installed on the outer surface of 
the satellite, will pass the sun once during each rotation of the 
sputnik around the earth. Besides, the electrometer will be 
charged, and the value of the output signal of the electrometer 
preserved in the form of capacitance charge. The interrogation 
at the time of telemetring by an impulse from the earth will 
close the commutator which connects the charged condenser 
with the input of the telemetring system. The condenser is 
discharged and got ready for the next circuit past the sun. 

The information regarding the cloudy cover of the earth can: 
be obtained by means of three photoelectric cells (6), which 
are installed at the exterior surface of the sphere. The photo- 
electric cells can survey the earth from horizon to horizon 
according to the sputnik’s mstion around theearth. As the 
reflection of the signals by clouds constitutes about 55%, and 
that by the earth nearly 10—35°%, so the different types of 
clouds can be formed. The form of clouds can also be deter- 
mined by obtaining information regarding the satellite’s 
position and the signals of the photoelectric cells. This equip- 
ment is also expected to be useful for an early detection of the 
formation of hurricanes. 

The hatches for measuring instruments are placed in the 
equatorial plane of the sputnik, whereas those for the 
observation of the sun are disposed at 180° with respect to the 
hatches for the ionization chamber. The antennae dipoles, put 
together, are disposed at an angle of 45° to the above-mentioned 
hatches. Such disposition must help to define the orientation 
of four quarter-wave dipoles with respect to the earth. It is 
indispensable for the study of the upper layers of the ionosphere 
bringing about refraction of radio-waves. 

The artificial satellite of the earth has a shining metallic 
gilded surface (11), designed for maximum reflecting power, 
which considerably facilitates the problem of carrying out obser- 
vations from the earth. 
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The sputniks developed by the American scientists present 
a sharp contrast in weight even to the first Soviet sputnik 
which had a weight of 83°6 kilograms. The second Soviet 
artificial earth’s satellite weighed more than 500 kilograms and 
was equipped with an ideal research equipment. These facts, 
more than anything else, bear ample testimony to the great 
advancement of the rocket technique by the Soviet scientists. 

On December 6, 1957, the first American satellite of the earth, 
“Vanguard” by rame, was launched in the State of Florida. 
It was a tri-stage rocket and included a sputnik weighing 1°13 
kilograms of the size of a small ball. Unfortunately, the 
attempt did not prove a success, and the sputnik was burnt out. 
Then followed a second rocket on January 26, 1958. But that, 
too, burst. On January 31, 1958, the U.S.A. launched its 
first successful artificial satellite of the earth with the help of a 
rocket ‘‘Jupiter-C.”’ 

According to the collected data, the American satellite 
Explorer moved in orbit, its mean height being 700 miles!. The 
velocity of the sputnik reached 18,000 miles‘hour, and the 
period of its revolution round the earth was 106 minutes. As 
regards luminosity, it resembled a star of the fifth or sixth 
magnitude. Thus, it was almost impossible to observe it. with 
the naked eye. 

The sputnik had the form of a metallic tube, which was 80 
inches long and had a diameter of 6 inches. Two radio-trans- 
mitters were installed on the sputnik, one of which had a power 
of 60 milliwatts and transmitted steady and continuous radio- 
signals on a frequency of 108°03 megacycles. The sputnik was 
expected to send signals for two to three weeks. 

The American satellite was approximately six times lighter 
than the first Soviet satellite in weight, and thirty-six times 
lighter than the scientific apparatus and equipment of the 
second Soviet sputnik. © 

The last stage of the rocket ‘‘Jupiter-C”’ plus the cylindrical 
jacket of the sputnik containing the scientific instruments were 
80 inches long with a diameter of 6 inches. The sputnik 
weighed 18°13 pounds and the last stage of the rocket 12°67 


1, Relationship between the units of measurement is as follows: 
metric units—1 mile=1-609 kilometres; 1 inch=2:54 centimetres; and 
1 pound=0°454 kilograms. 
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pounds after the burning out of the fuel. Thus, the sputnik 
and the rocket-carrier weighed altoyether 30°8 pounds, i.e., 
nearly 14 kilograms. The Soviet artificial earth’s satellites 
were provided with a sufficiently powerful transmitting radio 
‘station. The reception of these signals was available not only 
at the derpartmental radio-receivers, but also to a large circle 
of radio-listeners. 

The production of the first artificial satellites of the earth 
marked man’s first attempt to master the first cosmic velocity 
constituting approximately 8 kilometres/sec. Such a velocity 
is the minimum required to quit the earth’s surface. That is 
not all. In order that the satellite could leave the earth for 
good and become a satellite of the sun as an independent planet, 
it is necessary to. attain the second cosmic velocity of 112 
kilometres/sec. The third cosmic velocity of 16°5 kilometres/sec. 
is the minimum required by the satellite to leave our solar 
system for good. Indeed, the mastery of each of these critical 
cosmic velocities will signify an epoch in the history of man’s 
progress to reach the cosmic space. 

In Tsilokovski’s researches, detailed references have 
been made to a systematic mastery of the expanse that 
lies beyond the atmosphere. Also, we come across descriptions 
about the setting up of huge colonies and life in cosmic 
space. These include, among others, accounts about the crea- 
tion of new power and industry, new forms of architecture and 
building technique, and new types of food industry. Indeed, 
our infiltration into the cosmos will not only provide us with 
plenty of material and energy, but also enrich our knowledge 
about the unknown and open up new possibilities for the 
advancement of science for the good of mankind. 


5. Possible forms of the earth’s satellite 


It would be worthwhile to consider at this stage some 
probable forms of the artificial earth’s satellite. Recently, a 
model of the standard automatic uncontrolled satellite (Fig. 33) 
was manufactured in the U.S.A. Basically, “the sputnik 
represents one of the simplified modifications of Prof. Singer’s 
project. It may thus be said to be an illustration supplement- 
‘ing the description given above. 

The American model satellite represents a sphere with a 
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diameter of 410 millimetres and weight of 11°5 kilograms. The 
frame is made of transparent plastic, so that it is possible to 


Fig. 33. An automatic uncontrolled earth’s sputnik with instruments 


observe the instruments installed inside the satellite. These 
instruments are manufactured by industry, and relate in the 
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mode of their working either to the instruments employed for 
the observation of individual physical phenomena occurring in 
the cosmos, or to equipment maintaining the connection with 
the earth and communicating the signals received. 

All appliances on the satellite must, however, satisfy the 
requirements in relation to weight, compactness and minimum 
consumption of electric energy, which we have already dis- 
cussed. Also, significant accelerations that emerge during the 
launching of the satellite should not affect these appliances. 
Furthermore, they should not be sensitive to the potential 
rotation, which may emerge under the action of the external 
disturbing forces of the sputnik about its centre of inertia 
during the time of flight along the orbit. Unfortunately, very 
little is known about these external disturbing forces, except 
our knowledge regarding the existence of extremely powerful 
whirlwinds and streams of meteoritic dust in the ionosphere, 
which cannot be ignored. 

In this connection, let us consider the geometric shape of 
the artificial satellite. At present, the spherical form is recog- 
nized as the most prevalent as well as convenient. The sphere, 
as we know, has always the same area of resistance. This 
fact has special significance for scientists for measuring the 
air-resistance to the motion of the satellite, which is necessary 
for obtaining the data about the density of the atmosphere at 
great heights. 

The spherical form is also more favourable for another 
reason. The satellite of such a shape has much less tendency 
to overturning than, for instance, a satellite of a cylindrical or 
cigar shape. Nevertheless, it has a drawback, too. It is more 
difficult to set instruments and equipment in a satellite of a 
spherical form than in those having other shapes. 

The order of instruments installed inside the satellite should 
also follow a definite pattern. This is essential for two reasons: 
first, to obtain an equitable distribution of weight inside the 
sputnik and, secondly, to secure strictly a specific position of 
the centre of gravity of the sputnik. This operation, which is 
called the balancing, is extremely complicated and involves 
great precision. 

As regards the weight and dimensions of the satellite, the 
former depends fundamentally on the potentialities of a rocket- 
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carrier, and the latter on the dimensions of the third stage of 
the rocket. It is generally thought that the satellite, which is 
detached from the last stage, must not compulsorily be included 
in the rocket itself. It can, in some cases, be situated in the 
cavity of the nose-part of the rocket. In such a case, the 
satellite’s diameter may exceed that of the rocket-carrier, but 
not very widely, since it may lead to a change of the ballistic 
characteristics of the rocket and also to a marked increase of 
air-resistance. 

It is supposed to be advantageous to apply, in some cases, 
a special streamline protective cone, which will clothe the 
satellite in the rocket at the time of its flight. After going out. 
in the orbit, the protective cone will be discarded and the 
satellite pushed out of the special socket in the nose-part of the 
rocket by means of compressed air or a spring (Figs. 34-35). 
The first Soviet satellite of the earth was covered by such a 
protective cone, which was discarded the moment the motor of 
the last stage concluded its operation. The sputnik then got 
detached from the rocket and began to move independently. 
During the first stages, the spherical sputnik, the rocket-carrier 
and the protective cone moved at a small distance from each 
other, and subsequently they got separated. It is explained by 
the small discrepancy in their velocities and chiefly by the 
different retardation which the three bodies experienced in the 
upper layers of the atmosphere. 

The sputnik may also not be detached from the last stage of 
the rocket-carrier. The second Soviet earth's satellite repre- 
sented, as is well-known, the last stage of the rocket, having 
attained a velocity of nearly 8 kilometres/sec. at the elliptical 
orbit, the maximum distance of which from the earth’s surface 
being more than 1,700. kilometres. 

What should be the material from which the sputnik’s frame 
be prepared ? Well, the frame must be light ; and, accordingly, 
it must be thin, though the supporting edges are provided inside. 
The material of the frame, though light, must be sufficiently 
strong : first, to ensure that the instruments inside the satellite 
are securely attached and, secondly, to be able to withstand 
the reaction of micrometeorites. The material must also be a 
little sensitive to the significant vacillations of temperature, 
besides being capable of reflecting the radio-waves properly. 
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The different aluminium or magnesium base alloys can be such 
a type of material. The frame must also have, in some cases, 
special outer coverings. 


Figs. 34-35. A multi-stage rocket weighing 200 tons for launching an 
artificial earth’s satellite 

1—first stage ; 2—second stage ; 3—third stage ; 4—artificial satellite of 
the carth. The moment of the detachment of the artificial satellite of the 
earth from the third stage of the rocket-carricr is shown tn the centre of the 
picture. At the top of the picture inside the white frame is depicted the 
last stage of the sputnik’s flight approaching the earth in the form of a 
spiral. At the bottom in the white frame is shown the hitting and burning 
ou of the sputnik in the upper atmospheric layers. 


It is necessary that, sometimes during the study of electric 
currents in the ionosphere by means of a magnetometer, the 
sputnik’s frame should neither possess magnetic properties nor 
conduct electric current. In other words, the frame should not 
be a metallic one. Evidently, it should be made of some kind 
of plastic material possessing high mechanical properties ; and 
there exist such plastics, the durability of which is, in no way, 
inferior to that of steel. 
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6. Satelloids 


A project of the earth’s satellite having the form of a jet 
aircraft, which could carry one man, has been suggested. This 
satellite will have a motor which, with a weight of 4°5 tons, 
will consume nearly 15°5 kilograms of fuel for every revolution 
along the orbit being performed with a velocity of 28,000 kilo- 
metres/hour at a height of 120 kilometres. Thus, with a fuel 
stock of approximately 1°5 tons, it could remain in the orbit 
for a period of six days, spending nearly 1°5 hours on each 
revolution. Such a sputnik, having a motor and flying at a 
comparatively low height, was proposed for construction by 
one of the designers of the German ballistic rocket V-2, now a 
scientific collaborator of the American firm Convair, Kraft Eric. 
The sputnik was named a satelloid.? 

In his report published ‘in the Washington section of the 
American Rocket Society, K. Eric has stated that, according to 
his calculations, a pull of 5-7 kilograms would be required for a 
satelloid, which weighs 4,500 kilograms, has a wing area of 152 
square metres and completes one revolution round the earth 
in 85 minutes at a height of about 100 kilometres to overcome 
air-resistance. If the stock of fuel be assumed to be 450 kilo- 
grams, even with this stock, the satelloid can perform extremely 
significant number of revolutions, inasmuch as the quantity of 
fuel consumed will be 1 litre for a distance of 3,570 kilometres 
at a height of 115 kilometres. 

K. Eric has further stated that, with the help of a satelloid, 
it is possible to collect data in the zone of atmospheric dusk, 
which is inaccessible to modern piloted aircraft and is too low 
for stationary sputniks. These data are very important for 
the solution of the problem of back entry into the atmosphere, 
which problem is most complicated for the designers of inter- 
planetary piloted instruments and pilotless intercontinental 
missiles. The satelloid can also be used for imparting training 
to the crew of interplanetary ships. | 

According to K. Eric, the U.S. A. Government is financing 
the development of aircraft of the satelloid type. Already, a 
number of firms have received orders for the development of 
experimental altitude aircraft designed for flight velocity corres- 


1, See Journal Problems of Rocket Technique, No. 2, 1957, pp. 77-78. 
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ponding to 44=8—10, which may prove to be the first step on 
the road to the development of a satelloid. Indeed, Eric’s 
project is interesting in so far as it represents an intermediate 
stage between the supersonic jet aircraft and the habitable 
satellite of the earth. 


97. Interplanetary stations and rockets 


As a further step towards gaining familiarity with the 
‘cosmos will be the creation of habitable automatic earth’s 
satellites and interplanetary stations. However, for accom- 
plishing this stage, a number of problems have to be resolved, to 
which reference has been made above. The most characteristic 
of these problems is the study of the effect of flight on man in 
the cosmos. 

What characteristic features must the cosmic station possess 
in comparison with the types of sputniks described earlier ? 
‘These can be of two types. The first of these is that the 
cosmic station must have a significantly large dimension to 
enable the crew, foodstuffs, air’ supply and devices tor air- 
conditioning, etc., to be arranged properly and with ease. The 
second characteristic of the cosmic station should be that it 
should be possible to connect it with the earth by means of 
special conveyor rockets. These rockets will be different from 
those employed for the launching of a satellite inasmuch as 
they will be habitable. It is evident that they should have 
accessories for mooring as well as for reverse descent to the 
earth. Already, investigations are in progress in a number of 
‘countries on evolving suitable designs, both for the unmanned 
‘satellites of the earth and the manned interplanetary stations 
‘and rockets. | 

During recent years, a series of projects on manned satel- 
lites, interplanetary stations and rockets for communication 
with them were proposed at several conferences and gatherings 
of interplanetary and rocket societies. The orbital height for in- 
terplanetary stations was placed at 500—38,800 kilometres and 
the personnel of crew from 3-400 men and more. For instance, 
the English scientist, Heppner, offered to construct a satellite 
station at a height of 1.640 kilometres, which would serve as a 
base for the despatch of an expedition to the moon. According 

to the project, the sputnik will consist of two leading stages 
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and two frames of the third stage of rockets being despatched 
from the earth. 

K. Erick in his work entitled the Analysis of Orbital Systems 
suggests the setting up of a system of interplanetary stations 
and also gives the draft projects of passenger and cargo rockets 
for contact with them. He appears to be guiding even the 
operations which are being conducted by the American firm 
Vonvair in the field of the production of interplanetary manned 
stations. The programme of operations provides for the investi- 
gation of different forms of rocket fuel and the development of 
nuclear reactors, which can utilize gases comprising the atmos- 
phere of the other planets as the operating material. 

The project formulated by the famous German sc’entist, 
Verner Von Braun, at present working in the U.S.A., seems 
theoretically to be the most serious project of its kind. We 
shal! consider this project later while examining the question of 
military significance of the earth’s satellites. 

F. Tinsley, an American, also describes an interplanetary 
station and arocket ship (Fig. 36). This huge manned rocket, 
over which are visible aircraft which exert load on it that is 
indispensable on an interplanetary station, is a complicated 
technical installation. A folding arrangement for landing and 
take. off ladders located inside the bearings, which serve also as 
locks, is shown below. 

In view of the fact that an atomic motor is provided for on 
this rocket, the usual rocket motors located at the stabilizers 
are employed for taking-off and landing to avoid earth’s 
contamination. The atomic motor is switched on only during 
the time of flight in the cosmos. Three carriers have shock 
absorbers, which automatically straighten the rocket during 
landing on the rugged ground, and during flight they are drawn 
in completely. The shafts in these bearings have ladders 
leading to the various parts of the vessel. The interior sur- 
face of these bearings can produce downward motion on the 
ground. 

Such a cosmic vessel with drawn-in props has a height of 
nearly 60 metres and a diameter of about 10 meters. The 
artificial satellite, designed by the author, is proposed to be 
launched to an orbit of 35,800 kilometres. This orbit is 
representative in that interplanetary station situated at it 
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will hang over a particular point on the terrestrial surface, as 
its angular velocity of motion along the orbit will equal to that 
of the earth’s rotation. This will very much simplify a connec- 
tion with the earth through the radio-television devices and 
also by utilizing directly the connected rockets. 

It is not possible to launch such a station from the earth by 
means of rockets, as was done in the case of the earth’s satel- 
lite, in view of its huge dimension. Therefore, its erection will 
be accomplished directly at the orbit, where all requirements 
will be provided by passenger and cargo rockets. 


Fig. 37. Installation of an interplanetary station at the orbit 


In the opinion of the author, cosmic rockets must carry out 
eight tlights to construct such a station. One of these, with a 
length somewhat greater than the diameter, will form the base 
of the station itself. Five rockets will serve as cargo rockets 
and two as passenger rockets. One of the messenger rockets 
will ensure safety in case of breakdown. The material of the 
first large rocket will serve as a base for the station. Fig. 37 
exhibits the installation of an interplanetary station at the 
orbit. The station crew, having been dressed in special astro- 
suits-diving helmets provided with respiratory devices, will 
operate above the installation. As people will be situated in a 
state of imponderability, so they will use miniature jet motors 
for locomotion during the time of operation. The installation 
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of the station does not present much difficulty, since all the 
details will be imponderable. 

The station will be almost self-contained. For producing 
the natural atmosphere, it is possible to utilize the supplies of 
air, arrange it to be purified of carbon dioxide and also nurture 
planets yielding a considerable quantity of oxygen at the 
station. The temperature could be regulated by making use of 
the reflecting or absorbing characteristics of the station surface. 
The sun will be the source for the supply of electric energy 
while making use of semi-conductor ‘'solar’’ batteries. The 
movement inside the station is supposed to be made possible 
by utilizing magnetic frames and shoes with iron soles which 
will be worn by the crew. Such a station could exist in the 
cosmos indefinitely and resolve a majority of problems about 
which we have spoken earlier. 

It is proposed to establish a whole range of interplanetary 
stations of the most varied sizes and serving different- purposes 
in the future. After they have been set up, the next stage in the 
process of gaining familiarity with the cosmic space will begin. 
Cosmic flights will be, in the first place, accomplished round 
the moon, followed by a landing on it and return to the earth, 
and, at the farthest stage, by flights to other planets of the 
solar system. The flight to the moon and the other planets 
will be much easier to achieve, if cosmic fuelling bases could be 
set up. 


8. Cosmic fuelling base 


The multi-stage rockets can guarantee velocities essential 
for flight in the cosmos. But even such rockets, intended for 
launching a satellite to a height of 1,000—1,700 kilometres, 
must have huge reserves of fuel. What is to be done if we are 
to fly to the moon or Mars, and subsequently to return to the 
earth ? In this case, the initial weight of the cosmic vessel 
should be a few hundred million tons, the major portion of 
which being the weight of fuel. Obviously, the building of 
such a mammoth vessel does not appear practical, It is at this 
point that the artificial earth’s satellites come to our rescue. 
More than fifty years ago, Tsiolkovski, while examining this 
question, suggested the creation of the artificial earth’s satel- 
lites carrying sufficient reserves of fuel. According to him, 
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such sputniks with unique fuclling stations would have to be 
employed for cosmic rockets, where rockets could be supplied 


Fig. 38. Installation of an interplanetary station in the cosmos according 
to Smith and Ross 


with commodities, air and other essential requirements for a 
far-distant flight. Thus, the farthest appropriation of the 
cosmos is simply impossible without the artificial earth’s 
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satellites. Such a measure would help the accomplishment of 
interplanetary flights without the construction of huge rockets. 

However, the problem of locating such an interplanetary 
station in the cosmos for the replenishment of fuel stocks, as 
also of transporting fuel to the station, presents great difficulty. 
But if we could construct such an artificial satellite of the 
‘earth, which could rotate with the same velocity as the earth, 
for the purpose of observing from the earth it could be situated 
in the sky always at one place, thus facilitating the pursuit of 
the cosmic station by the rocket. But such an interplanetary 
station, as discussed earlier, could be constructed only at a 
distance of 35,800 kilometres from the earth. 

In view of large dimensions, weight and complicated design 
of the cosmic station, it is essential to erect it in Situ. 
Constructional materials, instruments and equipments will also 
have to be transported to the building site by means of several 
transportation rockets. 


Fig. 39. External view of the cosmic station designed by Smith and Ross 


In Fig. 38 is shown the construction of an interplanetary 
station according to the design evolved by Smith and Ross and 
in Fig. 39 its exterior view. As is clear from the figure, a large 


128 ARTIFICIAL SATELLITES OF THE EARTH 


parabolic mirror with a diameter of 61 metres serving to trans- 
form the thermal radiation’ of the sun into electric energy, 
which is required to charge the instruments installed on the 
station, has been included in the make-up of the cosmic station. 
The rays of the sun falling on the mirror form a focus, where a 
number of tubings are arranged, which are connected with 
eight turbo-generators disposed on the other side of the mirror. 
Along the tubings flows a liquid, which is converted into steam 
under the action of the solar energy ; and this steam activates 
the turbo-generators which produce adequate electric energy to 
meet the requirements of the cosmic station. On the same side 
of the mirror are located habitable dwellings, laboratories, 
workshops, etc. 

Since a complete absence of the force of gravity is physio- 
logically undesirable, the mirror, together with the compart- 
ment situated under it, rotates about its own axis, and the 
centrifugal force thus emerging acts as a substitute for the force 
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Fig. 40. Cellostat’s mechanism 


A—immovable mirror ; B—movable mirror ; B,—changed position of the 
mirror. 


of gravity to people residing at the station. The lattice girder, 
seen in the picture, together with the laboratory situated at 
one of its terminii, does not rotate on the cosmic station. From 
this chamber, the members of the station crew could go out for 
an inspection of the station. 


TYPES OF THE ARTIFICIAL EARTH’S SATELLITES 129 


A strobo-telescope, based on the principle of Cellostat, is 
used for observation of external objects from the rotating part 
of the station. Cellostat is an arrangement of two plane 
mirrors (Fig. 40). The mirror A is immovable, but the mirror 
B is made to move by a system of clockwork. The sun’s rays 
are reflected by such a system of mirrors in one direction 
always, namely, at the objective of the immovable tube. 

The cosmic station, designed by Smith and Ross, has been 
planned for twentyfour men. Therefore, the question of supply- 
ing the station crew with food, air and water is an Important 
one. These problems are very difficult and have been studied 
little. For determining the requirements of air, food and water, 
it is essential to find out as to what extent the personnel of the 
cosmic station undergo physical strain. According to prelimi- 
nary calculations, nearly 70 tons of food, air and water are 
required for the crew of the cosmic station in a year. 

It is proposed to utilize 90% of hydrogen peroxide as the 
source of oxygen and water, which can be conveniently stored 
at the station in huge bulk. The excess of carbon dioxide, 
which people will exhale at the station, can be discarded in 
space to preserve the purity of the atmosphere. It would have 
been possible to take advantage of chemical reactions which 
suck up carbon dioxide, but the transportation of chemical 
compounds to the station is not desirable. The regeneration, 
i.e., the reduction of air inside the station by means of vegeta- 
tion, does not obviate the necessity of supplying oxygen from 
the earth. The method has several drawbacks with the 
continuous operating of the station, as for instance, the 
indispensability of mineral fertilizers and the watering of 
plants. 

The regulation of atmospheric humidity and temperature 
inside the cosmic station is also necessary. With insufficient 
humidity of atmosphere, the mucous membranes of the human 
organism start drying. Consequently, the functions ot breath- 
ing, digestion and vision are impaired. 


g. The interplanetary station “Flying Town” 


A detailed plan for the establishment of an intermediate 
station inhabited by people was discussed at the session of the 
American Rocket Society in the year 1956. The plan was put 
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Fig. 41. a, b, c. Stages of cons.ructions of the interplanetary station, 
the “Flying Town” 
a—first sequence in the construction of interplanetary station, the 
“Flying Town” ; 5—general view of cosmic rocket, by means of which it 
is supposed to construct the interplanetary station, the “Flying Town” ; 
and c—second sequence in the construction of :he interplanetary station, 
the “Flying Town.” 


forward by Darrel Romik, a member of the society. According 
to it, the station will look like a cylinder with a diameter of 
300 metres and spherical ends 900 metres long, to one of which 
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will be attached a rotary wheel having a diameter of 450 metres 
and with a thickness of 12 metres. Approximately 20,000 
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Fig. 41. d. Stages of constructions of the interplanetary station, 
ji the “Flying Town” 
d—concluding stage of the construction of the ‘‘Flying Town.” 


people can live and work at the station. (Considering the high 
standard of automatization of all works and scientific investiga- 
tions, it is extremely doubtful if such a large number of peopie 
are necessary). Scientific investigations on the mode of inter- 
planetary communications can be carried out and cosmic ships 
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installed and reconditioned on the station, which will serve as 
an intermediate base for interplanetary flights. The station 
will be able to solve problems of varied kinds, a majority of 
which cannot, at present, even be visualized. 

The construction of this station will continue for several 
years. As soon as the first vessels come into being, the station 
will start functioning on a very modest scale. Subsequently, 
its dimensions will be gradually enlarged in accordance with 
the functions being planned. D. Romick suggests such a 
sequence of the station installation. 

Immediately after the first rockets have arrived at the 
orbit, their tanks are freed of the fuel residue, washed, cleaned 
and converted into living rooms maintained by a system of air 
conditioning, including pressurization, adjustable temperature, 
and an entrance to them through air vestibules. The first phase 
of such an interplanetary station will represent a shaft having 
a diameter of 2°7 metres and length 150 metres comprising two 
rockets joined at the ends (Fig. 41 a). The design of the rockets 
should be such as to allow their coupling with minimum 
operations. In the event of an emergency, there are always 
mounted rockets and boosters near the station with material 
for maximum expansion of the station, which could transport 
people to the earth. Fig. 41 (b) depicts a genera] view of the 
rocket. 

The second phase of the station will have a diameter of 
approximately 23 metres, length about 300 metres and a rotary 
. wheel of a diameter of 150 metres. On the dilation of the 
station from the ‘‘first’’ to the ‘“‘second line,’’ 65-70 rounds of 
transportation rockets are necessary, which will convey 250 
tons of material for cylindrical part, 750 tons for the wheel, 
and 500 tons of equipment. The sequence of the installation of 
the second line is shown in Fig. 41 (c). | 

Around the pipe representing the first line of the interplane- 
tary station will be installed a pre-fabricated frame and a 
cylindrical jacket with a diameter of 23 metres with a coating 
to guard it against meteoritic dust. Both the prefab frame and 
the cylindrical jacket will be made mostly of the material used 
in rocket construction, The internal volume will also be split 
up into compartments according to their pressurization. The 
rotary wheel will serve to produce the gravitational effect 
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which is indispensable for human existence. It is constructed 
out of circular sections, which add to its dimensions by 
stages. © 

Finally, in the third phase of construction, the interplane- 
tary station acquires the final form and dimension (Fig. 41 4d). 
The transportation of material for building up the third phase 
will take three to five years with two trips of cargo rockets a 
day. At the outer jacket of the interplanetary station will be 
laid out apparatuses for monitoring the bulk of radiation 
peneterating inside and for control of trajectory and orientation 
station, observation and navigation posts, radars, optical and 
astronomical equipments, and hangers and yards for interplane- 
tary and other types of rockets. | 

The entry of sunlight will be regulated by means of shutters. 
Behind them will be disposed mirrors which will collect, 
disperse or isolate the components of solar radiation. For 
heating up the infra-red radiation and for sterilization and air- 
conditioning, obviously for illumination, the ultraviolet radia- 
tion could be made use of, and the two together to get electric 
energy. Evidently, the construction of a short-life cycle, aided 
by plants and animals, will be necessary at such a big station, 
the “earth in miniature,” otherwise, at this sputnik township, 
1,300 to 3,400 tons of foodstuffs, water and oxygen (constitut- 
ing nearly 75 rail-road cars) shall have to go waste every day. 
Surely, the requirements of such a station can be reduced 
substantially with a reasonable curtailment of its establish- 
ment. 

As already pointed out, the rotary wheel serves to produce 
an artificial pull, since it is supposed that the absence of 
gravity can lead to a slackening of activity on the part of 
human beings. On the wheel will be situated residential 
settlements, playgrounds, hospitals, etc., at various levels—all 
of them essential for normal life of several thousand people 
living on the sputnik township. The wheel is provided with a 
mechanism of automatic balancing, which comes into play 
when the distribution of load and people at the wheel disturb 
the equilibrium. People can go over from the stationary to 
the rotating part and vice versa in the vicinity of the axis of 
rotation where linear velocities are not marked. For sucha 
migration, mobile cabins, which can be connected hermetically 
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with the exit situated at the rotary wheel, are provided. 
Although there is provision of air in both the stationary and 
rotating parts, yet the cabins for crossing must be airtight to 
avert a breakdown in one of the portions. The shifting inside 
the wheel from one stage to another is made possible by means 
of lifts. 

The electric power and air can be transmitted by means of 
the sliding connections of the ring type. An instrument which 
ensures the safety of the population during collisions with huge 
meteorites has also been designed. For this reason, the sputnik 
has two independent systems of ensuring the supply of air in the 
wheel and the stationary part, which keep intercommunicating 
and are supplied by emergency balloons. In case of al) the 
important sets, automatic control is duplicated by manual 
control. With decrease in pressure, the airtight doors shut 
automatically between the isolated compartments and operate 
faulty signalling. The doors are provided with air vestibules 
for a passage into the zone of the reduced pressure, so that the 
servicing and rescue work could be carried out. In each 
compartment, there are airtight cabins with an independent air 
supply, telephone connections, protecting costumes and stores of 
oxygen. 

The collision with a large meteor is an extremely rare 
phenomenon. It is presumed that the above-mentioned system 
of signalling and hermetic sealing will guarantee the preserva- 
tion of normal living conditions of the station population, when 
the consequences of collision with a large meteor have been 
removed. Such a project would seem fantastic. Nevertheless, 
the rapid development of technology makes it possible to 
assume that the creation of interplanetary stationary stations 


and the “‘flying towns” is capable of practical realization in no 
distant future. 


CHAPTER V 


BASIC EQUIPMENT OF THE SATELLITE 
OF THE EARTH 


1. General requirements of instruments ona satellite 


We have already dealt with a number of instruments 
essential for making a satellite in the preceding chapter. We 
shall now discuss the working principle and mechanism of some 
of the chief instruments to get a fuller picture of the earth’s 
satellite. 

To begin with, let us find out the basic requirements for 
such instruments. The essential requirements include mainly 
a rigid limitation of weight, dimension and energy consumed by 
the instruments. Their construction must also take into account 
the unusual and extra hard conditions of the cosmos, viz., a 
large range of fluctuation in acceleration, abrupt drop in 
temperature from +400° to —270°C, and the skipping of 
atmospheric pressure within the range of 750 to 0 millimetres. 
Being situated in the cosmos, the sputnik is subjected to 
bombardment by elementary particles and cosmic dust. The 
sputnik’s surface, and consequently the inspection holes also, 
can be blurred and thus collapse under their effect. 

It has been established that the ultraviolet rays destroy 
organic and plastic matter as well as paints. Even the cosmic 
rays disturb the semi-conductor connection. Still, conditions 
under which the satellite’s instruments are required to operate 
are not yet fully known. 

While projecting the apparatus for the first satellites, the 
scientists had comparatively little experience of working with 
rockets for an investigation of the upper layers of the atmos- 
‘phere. This experience indicated the possibility of the 
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construction of proper instruments. An analysis of the results 
of the launching of the first satellites will, obviously, help to 
improve upon them. One thing, however, became apparent. 
Inasmuch as it was envisaged to launch several satellites of the 
earth, it was not necessary to instal all the instruments for 
resolving the various problems on each sputnik. Lach satellite 
could be equipped with such types of instruments which would 
offer solution to particular problems only. 


2. Radio equipment of the satellite 


Radio equipment had occupied a foremost place at the first 
artificial earth’s satellites. AJl scientific instruments of the 
sputnik will run idle, not yielding any result, if measurements 
carried out by them are not transmitted to the earth. Since 
the problem of the return of the first sputnik to the earth 
remains unsolved as yet, the data of scientific investigations can 
be transmitted from the sputnik to the earth by one means 
only, and that is the radio. 

Already, the methods of radio transmission have attained 
great perfection in a majority of measurements of the most 
diverse types. Radio-telemetring can thus be directed to transmit 
the maximum number of measurements by a time division of 
channels for the complete resolution of various problems. 

Let us see how the system of telemetring works (Fig. 42). 
Under the rectangles 1 are the so-called detectors, which consist 
of instruments like counter-meters of the cosmic, ultra- 
violet and other rays, thermistors, magnetometers, manometers, 
astronomical devices, etc. These instruments yield electric 
current, which, while fluctuating with the variation in intensity, 
characterizes its measurement. At 2 is the commutating device 
connecting the detectors alternately to modulator 3 and trans- 
mitter 4. The connection is made easily by a rotary change- 
over switch, which connects the detectors alternately to the 
modulator 3 and the transmitter 4. The frequency of commuta- 
tion, or the frequency of “interrogation”’ of the detectors, as it 
is called, depends on the design of the commutator. The 
mechanical commutation guarantees some half scores of 
‘‘interrogations”’ per second of each detector. 

The electronic devices enable to ‘interrogate’ instruments 
several hundred times a second. The modulater 3 converts the 
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current coming from the detectors into a determinate change 

of frequency, or into the amplitude of radio signals, or into a 

change of interval between two pulses (time/provisional pulse 
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Fig. 42. Radio-telemetring system 
JI—transducers; 2—commutating device ; 3—modulator ; 4—trans- 
mitter ; 5—receiver ; 6—commutator ; and 7—recording equipment. 


modulation), or into a change of pulse-width itself (pulse- 
width modulation). There are other forms of modulation also, 
e.g., code type, when a definite combination of pulses genera- 
ted by the so-called code mechanism corresponds to the 
determinate intensity of the signal emanating from the detec- 
tors. In this way, the radio link, indicated in the figures by 
the broken arrow, is used throughout for the transmission of 
readings of one of the detectors installed at the transmitting side. 

At the receiving sides, after the receiver 5, which traps and 
amplifies weak radio signals, the signals hit the commutator 6. 
which is connected alternately with the recording equipment 7. 
The commutator at the reception side must operate both in 
harmony and synchronization with the commutator at the 
transmission side, so that the information passing from the 
first unit at the last end could be recorded at the first record- 
ing device on the reception side. Similarly, the information 
issuing from the second unit could be recorded at the second 
apparatus, and soon. Thatis why the commutated signals, 
which are separated at the receiving end from the measuring 
pulses owing to their distinct character, are mixed up at the 
transmitting side in the common sequence of radioed signals, 
and compel the change-over switches at the reception and 
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transmission ends to operate harmoniously and in phase— 
an rhythm. 

A perfect multi-channel radio-telemetring transmitter with 
time division of channels was installed at the second Soviet 
artificial earth’s satellite. By means of this transmitter, the 
scientists received data on the earth from a large number of 
scientific instruments installed on the sputnik. A dog, Latka 
by name, was sent out in the cosmos at the second sputnik 
with the object of investigating how a living organism feels in 
the upper layers of the atmosphere, what is the effect of the 
state of weightlessness, the cosmic rays, etc., on it, and so on. 
For this purpose, such functions of the dog’s organism as the 
pulse, respiration, temperature of the body, etc., were recorded. 
Special detectors were fastened to the animal’s body. A 
photocell with a miniature electric lamp can be used for the 
detection of the pulse. With the illumination of the photo- 
cell, voltage crops upin the body. If the photocell and the 
electric lamp are disposed on all sides of the blood vessels, the 
blood pulsating in the vessel in rhythm to the cardiac systoles 
will change the degree of illumination of the photocell and, 
consequently, the intensity of current taken off from it. 

This is not the only method of measuring the pulse at a 
distance. It is as well possible to record it and also the func- 
tioning of the heart by means of electrocardiography. The 
fact is that biological currents emerge with each systole in the 
organism. If electrodes be located at particular parts of the 
body, electric voltage crops up between them. 

An extremely simple principle is employed to record the 
respiration. A variable electric resistance is fastened to the 
animal’s chest by means of a special belt. While breathing, 
the circumference of the chest varies. This, in turn, has its 
effect on the resistance value that is recorded by the corres- 
ponding device. There are other methods also of measuring 
the respiration. 

Special thermistor-detectors can be employed to observe 
the temperature of the body. Their electric resistance varies 
in relation to temperature. 

A simplified arrangement of the transmission of the dog’s 
respiratory process from the second Soviet sputnik to the 
eatth is shown in Fig. 42 a. The mechanism for the time 


BASIC EQUIPMENT OF THE SATELLITE OF THE EARTH 139 


division of telemetring channels has not been shown in the 
diagram. The amplitude modulation of the radio-signal is 


Fig. 42 a. Transmission of the respiration process of the dog 
from the second Soviet earth’s satellite 
1—modulator; 2—transmitter ; 3—instrumentation plan of res- 
piration gauge ; 4—respiration gauge ; 5—radio-signal received ; 6—radio- 
wave modulated by respiration signal; 7—amplified radio-signal; 8 —res- 
piration curve; 9—receiver; 10—dctector and amplifier ; 11—recorder: 
and 12—time pip pulse. 


depicted for most of the description. The electric signal from 
the detector of the dog’s respiration changes the amplitude 
of the radio-signal being transmitted to the earth by a modu- 
lator. The radio-signal is amplified on reaching the receiving 
station. The respiratory signal plotted on radio frequency is 
extracted in the detector. Afterwards, it is amplified and 
conveyed to the recording apparatus, where it is indicated in 
tthe forra of a curved line. 

In Fig. 426 is shown a schematic arrangement for recording 
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the full intensity of the cosmic rays installed on the second 
Soviet earth’s satellite. 
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Fig..42 6. Device to record the full intensity of the cosmic rays 

on the second Soviet earth’s satellite 

With the passage across the counter of an electrically- 
charged particle, a spark arises which gives an impulse to the 
radio-technical circuit at the semi-conductor triodes. This is 
intended to calculate the number of particles of the cosmic 
rays and to give a signal at the moment when a definite 
number has been counted. After the radio transmission of 
signals relating to the specific number of particles that has 
been counted, the recording of particles of cosmic radiation 
is carried out afresh. Later, a new signal is given, as and 
when the number of particles is counted. On dividing the 
number of registered particles by the total time of their record- 
ing, we get the number of particles passing through the counter 
in one second, or the intensity of the cosmic rays. 

Two indentical instruments for the registration of charged 
particles were installed at the sputnik. The axes of the 
counter of both instruments were situated at right angles to 
each other. 

A sketch of one of the three receivers for recording the 
short-wave radiation of the sun, with which the second satellite 
was equipped, is depicted in Fig. 4 42 cl, 


1. C.L. Mandelshtam and A. 1. Efremov, ‘Investigations of the 
Short-wave Ultraviolet Solar Radiation.” Journal Advances in Physical 
Sciences, September 1957, Vol. 63, No. 16. The State Technical Publish- 
ing House, Moscow. 
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Three special photo-electron multipliers disposed at an 
angle of 120° to one another serve as radiation receivers. 
Each photo-multiplier is superimposed in series by several 
filters of thin metallic and organic films and also of special 
optical materials, which permit the extraction of various bands 
in the region of x-rays of the solar spectrum and the hydrogen 


Fig. 42 c. The circuit of the receiver for recording the short-wave 
radiation of the sun installed on the second Soviet earth’s satellite 


line in the distant ultraviolet region. The electric signals 
given by the photo-multiplier, which was directed towards 
the sun, were amplified by radio-circuits and transmitted to 
the earth by means of the telemetring system. 

Owing to the fact that the satellite continuously changed 
its course with respect to the sun and also spent some time at 
the region of its orbit not illuminated by the sun, so far 
economizing the power supply, the electric circuits were 
connected only when the sun came in the visual field of one. 
of the three receivers of light. This connection was done by 
means of photo-resistances illuminated by the sun simul- 
taneously with the photo-multipliers and the automatic 
systems. Hach of the above-mentioned devices occupied one 
channel of the multi-channel radio-telemetring transmitter. 

For the purpose of economizing energy, it is useful to 
carry out the transmission of information from the sputnik to 
the earth not continuously, and command from the earth for 
30 to 40 seconds approximately while the satellite flies past 
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over the special terrestrial receiving-transmitting station. The 
measurements of parameters, too, are carried out over a long 
time and are stored up in the so-called memory system. 

We shall examine a simplified block arrangement of the 
layout of the radio-station on board the earth’s satellite 
‘*Minitrek,’’ which would serve to transmit the data of telemetr- 
ings and to find the direction of the American satellite on 
earth by radio. The low-capacity transmitter for finding the 
direction by means of radio is denoted by 2! in the figure 43. 
It has a capacity of 10 milliwatts, operates on a frequency of 
108 megacycles and weighs approximately 400 grams. The 
transmitter is connected for almost the entire duration of 
working through change-over switch | with the antenna, which 
emits its signals continuously. 

The data of measurements recorded by the detector instru- 
ments are stored up in the memory system 8 representing a 
slowly-moving magnetic tape-recorder. With the sputnik’s 


ANTENNA 


Fig. 43. The radio station ‘““Minitrek” installed on the earth’s satellite 
1—switch ; 2—transmitter ; 3—filter at receiver input; 4—receiver - 
5—relay; 6—telemetring transmitter; 7—coder; 8~ memory device : 
and 9—transducer mechanisms. 


approach towards the telemetring and the direction-finding 
stations located in the U.S.A., longitudinally 75° of the meri. 

1. For description as to how the direction of the earth’s satellite is 
found out with the help of the low-capacity transmitter, see Chapter VI 
regarding observations on the satellite. 
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dian for the most part, a radio command picked up by the 
receiver tissent. A filter 3 is placed at the input of the 


Fig. 44. Spiral gain antenna for reception on the earth of the data of 
radio-telemetring received from the earth’s satellite 
receiver in order to avoid signals emanating from the trans- 
mitter 2. The relay 5 operates on the signal received from 
the earth, when the radio-telemetring transmitter 6 is connect- 
ed with the antenna and the memory system 8 to the cooling 
mechanism 7, and the results of protracted measurements 
relayed within 30 to 60 seconds! owing to the fast-moving 


1, According to some data, even in 20 seconds. 
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magnetic tape-recorder. After the closing down of the trans- 
mission, the relay 5 is disconnected, the transmitter 2 starts 
sending signals continuously for finding the direction afresh 
by means of radio, the transmitter 6 is disconnected and the 
magnetic tape-recorder starts moving slowly again, 7€e., 
everything is set as it was prior to the arrival of command 
from earth. 

A triple-spiral gain antenna, ten times more sensitive than 
the antenna existing before, especially for the reception of 
the data of radio-telemetring, was installed at the terrestrial 
stations of radio observation of the earth’s satellite (Fig. 44). 

The telemetring data are transmitted during the short 
interval of the location of the sputnik over the terrestrial 
station, not only with a view to economizing energy but also 
for reducing, to a minimum, the errors connected with the 
Doppler’s effect. This effect is based on the fact that the 
frequency of radio-signals received on earth is more than 
that emitted at the sputnik, if the latter is approaching and 
less if it is receding. The variation of frequency is more, if the 
velocity of recession or approach of the sputnik is large. It 
can be taken for the frequency variation of the transmitter 
that leads to errors of measurements during frequency modula- 
tion. During transmission of 30 seconds and under conditions 
of the sputnik being situated over the station, the distance 
between it and the receiver is very little, and the error due to 
the Doppler’s effect is small. 

lf the two sputniks are compared, one of which transmits 
information to earth continuously and the other only after an 
interrogation from it, it is seen that the first transmitter 
consumes power twice as much as the second. This means that 
the second sputnik can carry on measurements of various 
physical parameters of the upper layers of atmosphere and 
communicate them to earth for a longer period. This fact is 
also confirmed by the operating conditions of the system used 
for transmitting the measurement data to the test points on 
earth. A comparison of the two variants of the operation of 
instruments can be seen in table 4. 
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Table 4 


Gravimetric data of two sputniks with continuous and discrete 
transmission cf the telemetring data to the earth 


Continuous transmission| Periodic transmission 


of information of information 
Equipment of the : 
satellite Average Weight in | Average | Weight in 
capacity kilograms Capacity kilograms 
, (Output) (power) 
| in watts in watts 
Two counters of - 
Geyger-Mueller 2-75 | 0-36 2°75 0-36 
Resistance thermo- 
meter - 1°53 0-11 1°53 0-11 
Photocell 0°82 0:16 0-82 0°16 
Two transmitters! 8-00 0:68 0°48 0°68 
Commutating motor 6:00 | 0-45 0°36 0:45 
Modulator 1-00 0:45 0:06 0-45 
Memory system — —— 0°31 0°73 
Receiver =— | —_ 2°85 0°16 
Power transformer | 3-00 0:90 1.65 1°13 
ee, ee et ee, eS a eee 
Total 23-10 2 311 | 10-81 4:33 


3. Power supply of the earth’s satellite 


It is essential to have a source of electric energy on board 
the sputnik. It has already been stated that a photoelectric 
transformer could be such a source, which would convert the 
energy radiated by the sun into electricity. This method of 
directly converting solar energy into electric energy is based on 
the wonderful property possessed by certain materials lke 
silicon. These are called semi-conductors and are found wide- 
spread in nature. 

Small plates called photocells are prepared from chemically 
pure silicon after a special composite processing. We get a 
solar battery on connecting a whole set of such photocells one 
with the other. Photocells of silicon used at present have 
been found to have an efficiency up to 10%. We shouid not 
think that it is so little. Locomotives have a total efficiency 
of only 6%. Of course, 10% is by far not the limit, and 


1, Jt is essential to have two radio stations at the sputnik in case of 
failure of one of them. 
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scientists think that in the very near future the efficiency of 
solar batteries could be raised to as much as 22%. It must 
be kept in view that the sun, while in zenith, sends energy to 
the earth having a power of about 1,000 watts per square 
metre. It follows that by constructing a silicon battery with 
an area of 1 square metre, it is possible to get 220 watts with 
an efficiency of 22%. 

If bad weather can hinder the utilization of solar energy in 
terrestrial conditions, there will be no such disturbance at the 
satellite. But one important condition remains : the operating 
surface of the solar battery must be prependicular to the sun’s 
rays. This condition can be ensured only by means of the 
undermentioned system of stabilizing the earth's satellite. 

When speaking of the solar battery, it should not be for- 
gotten that a majority of instruments, especially the radio 
equipped ones, operate on the semi-conductor basis independent 
of their assignment. And this means that they not only have 
little weight and dimensions, but also consume approximately 
hundred times less electric energy than instruments utilizing 
ordinary radio-tubes. 

We stopped to consider the solar battery, because it can 
serve as a source of energy not only on the automatized satellite 
but also at interplanetary stations and cosmic ships of all types. 
But there are other methods also of obtaining electric energy 
at the satellite for a long time. These methods consist in : 

(a) the transformation of the thermal energy of the sun and 
the atomic energy of some isotopes of strontium into electric 
energy by means of a battery of thermoelements ; and 

(6) thermoelectric transformer of solar energy and atomic 
generator. ; 

. While making the selection of power supply for the earth’s 
satellite, the same principle was followed which was adopted 
in the selection of a radio-transmitter, viz., weights of the 
sources of power supply possessing identical power were 
compared and the one weighing less was selected. We shall 
cite an example. Let us assume that the total power consumed 
by the entire equipment of a satellite is 100 watts. Since 
our sputnik must operate continuously, it is not expeditious 
to take storage or galvanic batteries from the earth, as 
such a stock is always insufficient. It is essential to have 
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generators producing electric energy at the expense of solar 
energy which is unlimited. These generators can transform 
solar into electric energy either 
by means of photocells or 
thermoelements. 

The functioning of a solar 
battery has already been 
explained. A_ solar battery 
with an area of 1-2 square 
metres can give, at present, an 
electric power of 100 watts. 
But we are not so far sure 
whether such a battery could 
withstand intensive solar 
radiation for a long time. 

The heat emanating from 
the sun can be utilized with the 
help of thermoelements, 1.e., 
devices which convert thermal 
into electric energy. Ifa circuit Fig. 45. Plausible lay-out of 

: a thermoelectro generator 
‘consists of two metals, and 
one ox the junctions is warmed up leaving the other seal cold, 
the current would pass through such a circuit. This pheno- 
menon has been designated thermoelectric effect. 

The thermoelectric generators having junctions of zinc 
antimonate and tellerium constantan possess maximum 
efficiency of 7°5°,. In Fig. 45 is depicted a scheme of a 
thermoelectric generator utilizing solar heat. The mechanism 
6 tracking the sun directs the annular concave mirror | towards 
the sun’s rays, which concentrate at the junctions of thermo- 
elements disposed at the focus of the reflecting mirror 2 in the 
circuit, and heat them. The cooling of the other Junctions of 
the thermoelements 3 can be achieved by means of an oil 
radiator that operates on the principle of radiation. The 
radiator 5 is painted black for better radiation, and the oil 
radiator 4 stirred up by a special motor. The cooling 
apparatus constitutes more than half of the total weight of the 
power plant. 

In order to obtain energy even when the satellite appears 
in the shade of the earth, it is essential to have at the sputnils, 
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besides the generators, storage batteries which will be replenish- 
ed by them during illumination of the sputniks by the sun. . 

A third form of power supply, which will be compared with 
the first two forms, is the nuclear generator. It is constructed 
analogously to the thermoelectric generator, but radio-active 
isotope of strontium with atomic weight 90 (Sr 90), which would 
take more than twenty-five years to semi-decompose, is used as 
a source of heat. In this case, the kinetic energy of beta 
particles is transformed into heat. Such a plant has not yet 
been constructed on account of the difficulty involved in the 
acquisition of this isotope in bulk. It is considered that 18-20 
kilograms of strontium 90 would be required to obtain a current 
of a capacity of 100 watts. During the use of isotopes, it is 
necessary to shield the instruments elaborately, as for instance, 
counters of Geyger- Mueller, which are sensitive to radio-active 
radiations, otherwise it would lead to an increase in the weight 
of the sputnik. 

The characteristics of artificial satellites in relation to 
weight having different sources of energy with an output of 
100 watts are shown in table 5. Since the sputnik with a 
battery of photocells, as is apparent from the table, is lighter 
than the one with other sources of energy, it must be admitted 
that the former variety has maximum prospects. 


TABLE 5 
Weight characteristics of the earth’s satellite with different sources 
of energy 
a: sacar a ee 
Isotopes with 

Photocells Battery of a battery 
Elements of the satel- | (solar battery) | thermoelements| of thermoele- 
lite and its equipment | (in kilograms) | (in kilograms) ments (in 

| | kilograms) 

Frame 22°] 221 22°] 
Mirror — 72°6 — 
Oil radiator = eee 45-4 
Thermoelements = 27-2 9] 
Sources of heat — — PB RS | 
Shield as at 45:4 
Photoelectr:c gencrator 54-4 a2 aA 
Recording equipment 272 272 272 
Transmitters 13°6 13-6 13-6 
Pilot wheels 27:2 pis PA 27:2 
Storage battery wld dO 13°6 9:1 
Total weight. | 158°8 204-1 208-7 
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4. Stabilization and astro-orientation of the satellite 


The automatically stabilized satellites occupying a strictly 
specified and definite position in space are the most ideal. The 
stabilization of the corner positions of the satellite is essential 
at the orbit : first, to hold the surface of the solar battery in 
the direction of the sun, and, secondly, to impart a definite 
position to the satellite relative to the earth for taking photo- 
graphs of particular regions of the earth’s surface auto- 
matically more than a reliable connection with the earth, and 
Observations on the movements of ice, swarms of clouds, 
salvage of adapters along with results of scientific observations, 
etc. 

Scientific observations and photographing of the earth’s 
surface must, however, be carried out in a particular system of 
co-ordinates connected with the earth. Some points executed 
by a satellite of the earth may require a continuous determina- 
tion of its location relative to the earth. In such a case, the 
geographical co-ordinates and altitude above the earth’s sur- 
face must be indicated throughout the satellite’s flight in the 
orbit. This problem appears to be extremely complex, and its 
solution is one of the fundamental factors distinguishing an 
automatic satellite from a non-automatic one. It is accomplish- 
ed through a system of astro orientation and stabilization. 

This system must begin to operate the moment the sputnik 
is detached from the rocket-carrier and begins to perform an 
independent flight along the orbit. In order to grasp the 
paysical principle underlying this system, it is essential to 
recall some astronomical and geographical conceptions. 


5- Determination of the latitude and longitude of the 
earth’s satellite 

As is known, the position of any point at the terrestrial 
surface can be determined by its two co-ordinates, namely, 
longitude and latitude. 

Any number of planes could be drawn through the axis of 
earth’s rotation, giving rise to imaginary lines called the 
meridians at points of intersection with the terrestrial surface. 
It is as well possible to lay out an equal number of planes 
perpendicularly, which give rise to imaginary lines called 
parallels at points of intersection with the earth’s surface. The 
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Meridiar passing through N 
Greenwich observatory 


5 


Parallel passing through 
equatorial plane 


[Ss 
Fig. 46. Geographical co-ordinates 


N ard S—poles of the earth ; »—longitude (arc AB) ; -—latitude 
(arc CB) ; and O—centre of the earth. 


STAR OF SECOND 
MAGNITUDE 


STAR OF FIRGT 
MAGNITUDE 


DISCS OF 
EQUAL HICHT 


Fig. 47. Determination of a satellite’s location with respect to the 
earth’s geographical co-ordinates 

S, and S,—first and second magnitude stars; A and B—geographi- 

cal location of the stars ; G—artificial satellite of the earth; Z, and Z,— 

zenithal distances ; OG—vertical or the line connecting the centre of the 

earth with that of the satellite mass ; and C—-geographical location of the 


satellite, Z.e., the point of intersection of the vertical with the earth’s 
surface. 
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equator is but one of such parallels passing through the centre 
of the. earth. 

The angle formed by the line passing through the centre of 
the earth and any point A situated at the earth’s surface 
(Fig. 46) with the equatorial plane is callled the latitude of 
the location of the given point, as angle AOS in the sketch. 
This angle could also be substituted by the are AB and mea- 
sured in degrees, minutes or seconds of the arc. 

All values of the latitude lying in the northern hemisphere 
are taken to be positive and those in the southern hemisphere 
negative. The longitude of a place is measured towards the 
east or west of the meridian psssing through the Greenwich 
Observatory in England. The value of the equatorial arc bet- 
ween the Greenwich Meridians and the meridian passing 
through the given point is called longitude. In our case the are 
(‘'B is the longitude. The eastern longitude is taken to be 
positive and the western negative. 

It is evident from Fig. 46 that knowing the geographical 
longitude and latitude of a place, we can determine exactly the 
position of an object on the surface of the earth. 

Fig. 47 depicts the earth, two stars and an artificial satel- 
lite of the earth G. Let us imagine that a straight line passes 
through the centre of the x 
earth connecting it with 
the first stars. This line 
intersects the _ terrestrial 
surface at point A. An 
observer standing at this 
point will see the first star 
at the zenith, 2.e., straight 
over the head. If the ob- 
server recedes from this 
point in any direction, he 
will see this star not directly 
over his head but at a 
certain angle, which will 
vary owing to the sphericity Fig. 48. Geographical position of 
of the earth depending upon the star (GPS) 
his departure from this gand b—parallels ; N and S—poles of 
point. The point Aor B the earth ; and OQ—centre of the earth. 


EQUATOR 
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is designated the geographical position of the star and denoted 
in brief form as GPS. 

The geographical position of the star shifts along the 
terrestrial surface with a velocity as that of one rotation 
round the earth’s axis in an astral day!, during which its path 
tallies with any of the parallels a and 6 (Fig. 48). It follows 
that the latitude of the geographical position of the star in 
each individual case is definite and constant, and the longi- 
tudinal variation, 7.e., the rate of displacement of the geogra- 
phical position of the star along the parallel, proceeds strictly 
in conformity with the established rule, namely, 15 degrees per 
hour of stellar time. 

Let the observer recede from the geographical position of the 
star at point A to point Z. It is clearly obvious from Fig. 47 
that, while moving along the periphery around point A, the 
observer will always see the first star at the same angle re- 
lative to the horizontal plane, called the height of the heavenly 
body. This periphery at the earth’s surface is called the 
range of like altitudes. 

The angle between the route leading the star from anv 
point, for instance point £, lying on the range of like altitudes 
and the vertical (angle AOE=Z, and FOB =Z,) in the figure, 
as the rays coming from stars S, and S, appear to be parallel 
owing to their enormous distance, is called the zenith distance. 
The angles of the zenith distance and the elevation of the star 
equal 90° when totalled. The rays S, A and S, EF coming from 
the first star as well as the rays S, B and S, F emanating from 
the second star are correspondingly parallel. 

Let us go back to consider the earth’s satellite. In this 
case, like that of stars, we shall have vertical OG (line joining 
the centre of the earth with the satellite), and its geographical 
position lying at the point of intersection of this vertical with 
the earth’s surface, i.e, at C. Apparently, the satellite’s 
position can be determined by three co-ordinates—the latitude 
and longitude of the geographical position of the satellite and 
the altitude relative to the earth’s surface. 

In this connection, the astro-navigation of an artificial 
sputnik of the earth is split up into two stages. In the first 


1, Stellar day and night is the time between two successive 
crossings. 
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place, the latitude and longitude of the satellite’s geographical 
position is determined by astronomical method, which does not 
essentially differ from the usual sea-faring and air navigation 
methods. Secondly, the height of the artificial satellite above 
the earth is determined. Asa result of the completion of both 
the stages of astro-navigational measurements, we get a complete 
idea of the position of the artificial earth’s satellite in space. 

The co-ordinates of the earth's satellite can be determined 
by land-based optical, radar and radio-navigational means, 
as also with the help of astronomical devices installed on the 
satellite. 

The autonomous astronomical methods of the determination 
of co-ordinates ensuing from the satellite directly are very 
interesting from the point of view of scientific and military 
development. These methods are not subject to artificial 
disturbances and are distinguished by a high precision of 
measurements. 

The astronomical method of orientation of an earth’s satellite 
essentially may be summed up as follows. The determination 
of the co-ordinates of the geographical position of the satellite 
(Figs, 47-48, point C) can be carried out by one of the most 
common methods of astro-orientation based on the simultaneous 
measurement of altitude of two luminous bodies. This method 
is widely applied in naval and air navigation. 

In substance, the above method leads to the following : 
from point C we measure simultaneously the zenith distance of 
two stars S, and S,. In as much as the co-ordinates of the 
geographical position of the star (points 4 and #) are known 
to us, the measured zenith distances Z, and Z, help us to plot 
the two orbits of equal altitudes intersecting at points C and 
D. The simplest furm of sucha construction can be achieved 
ona sphere, for which purpose it is essential to fix the prong 
of the beam compass at the point denoting the geographical 
position of the star, e.g., at point A, scale offare AC equal to 
the zenith distance and trace a periphery—the orbit of equal 
altitudes. The corresponding orbit of equal altitude is cons- 
tructed similarly for the second star S,. As the orbits of equal 
altitudes cross at two points—C and D—situated at a consi- 
derable distance from each other and the probable seat of the 
observer—ship or aeroplane—is usually marked, so a point is 
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selected in the zone of the supposed position. Jn our case, the 
co-ordinates of the point C' also appear to be the sought for 
co-ordinates of the location of the observer at the earth’s. 
surface. Obviously, for the solution of this problem, it 1s 
necessary to have an optical arrangement, which would deter- 
mine the the route to stars and measure the angles between the 
horizontal plane and the route to stars. In sea-faring and 
aviation, sextants serve for such instruments. 

A sextant is a device consisting of an optical system for 
carrying out the visual observation of a star, whose zenith 
distance is measured relative to the vertical. In a majority of 
instances, the well-known liquid level based on the principle of 
a pendulum is used as the vertical of a sextant. However, if 
the methods of astronomical navigation employing sextants 
can be adopied for an artificial earth’s satellite, these instru- 
ments—the sextants—become unsuitable for direct application 
on the satellite. The stars must be automatically tracked by 
means of astro-navigational devices mounted on the artificial 


earth’s satellite, besides applying a new wethod of determining 
the vertical. 


6. Determination of the direction of the vertical on the 
earth’s satellite 


The position of the vertical on the earth is determined 
without any dithculty whatsoever, as any solid body suspended 
by a thread shows the vertical. But it is an 
extremely complicated test to ascertain the 
plumb line, or the vertical in the case of an 
earth’s satellite. It is so because all consti- 
tuents of the satellite are imponderable owing 
to the parity of centrifugal force and the force. 
of gravitation. Thus, the determination of the 
direction of the vertical by means of swing 
devices does not seem practicable. 

In this connection, it becomes necessary to. 

have a special arrangement at the sputnik 
Irinescope photo- for the determination of the vertical. One 
optic system for. - ; 
carrying out ob- such arrangement could be the optical system. 
servations on the Jn substance, this method consists in the 


visible borders of © : fee : 
the earth. installation of the trinescope optical system 


Fig. 49. 
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at the satellite for tracking the observable regions of the earth. 
The angles between the optical axes of the telescopes following 
the visible borders of the earth are equal, as a result of which 
the alignments of the optical axes of the telescopes form a 
trihedral pyramid with its facets leaning against the earth’s 
surface (Fig. 49), and its vertex at the satellite. In accordance 
with the geometric laws, the axis of such a pyramid, when 
prolonged, must pass through the centre of the earth. It will 
be the vertical sought for on the satellite. 

In spite of its apparent simplicity, the practical realization 
of such a vertical presents substantial difficulties, and simul- 
taneous tracking of the illuminated and the shaded surfaces of 
the earth presents a complicated technical problem. Besides, 
the unevenness of the earth’s surface like mountains, cloudiness 
and mist can oause errors in the determination of the vertical. 
For overcoming the effects of cloudiness and mist, however, 
light filters permitting to see thermal radiations of the earth’s 
surface in the infra-red region of the spectrum can be utilized. 

The vertical got by means of the trinescope optical system 
can be highly accurate. For instance, the deviation of the axis 
of the optional pyramid from the actual vertical cannot exceed 


Fig. 50. Determination of the vertical 
from the satellite to earth by means of 2-4 
beam action counters. 


1° during the flight of an earth’s satellite at a height of 500 
kilometres and surpassing the independent sections of the 


horizon by 10 kilometres. 
The other methods of the determination of the vertical at a 
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satellite, which we know at present, have little accuracy. As 
an example, let us consider the method employing the screening 
characteristics of the earth as regards the isotropic component 
of the cosmic rays. This component consists primarily of 
neutrons not deflected by the magnetic field of the earth. In 
order to utilize this characteristic, we place 2-4 directional 
action counters of cosmic particles on the sputnik and adjust 
them along the horizontal (Fig. 50', as in the case of the 
telescopes in the optical arrangement which we have already 
discussed. If, however, owing to any reason some counter 
appears to be set lower than the horizontal line, the counter 
situated opposite will be adjusted higher than the horizontal. 
Then, owing to the screening characteristics of the earth, the 
number of particles recorded by the first counter will equal 
zero and at the second counter this number increases abruptly. 

The differential signal proceeding from the counter can be 
transmitted after amplification to a device of the rotary fly- 
wheel type, which restores the direction of the vertical at the 
sputnik towards the centre of the earth. It is supposed that 
such a method of stabilization will enable to get the vertical at 
the sputnik with an error not exceeding 10°. Even such an 
error would be large for astronomical orientation. But for 
the solution of several problems not demanding a large accuracy 
of the satellite’s orientation in space, such a precision will 
suffice for the determination of the vertical. 

The angle between the optical mechanism for tracking the 
borders of the earth and the device fitted with directional 
counters, depending upon the constantly fluctuating flight 
elevation of the satellite above the earth due to the former’s 
elliptical orbit rendering the working of the above-mentioned 
appliances complicated, must automatically vary. 


4. Tracking and computing devices of astro-orientation 


As has been pointed out above, it is essential to have optical 
devices—telescopes—automatically following two stars, besides 
the vertical, for determination of co-ordinates of the satellite’s 
location. These photo trackers include an optical system of 
-telescopes directing the luminous flux from the stars to the 
photocells. The electric signals from the photocells are con- 
veyed through amplifiers to the fly-wheel motors which direct 
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the telescopes at the stars. Such a follow-up system turns the 
telescope back automatically during the deviation of the tele- 
scopes from the course to the corresponding star. 

It is quite clear that whatever be the construction on a 
sphere, as shown earlier, it is impossible under the operating 
conditions on the satellite. This problem should be solved 
automatically by an electronic computing device. At the input 
of this computing device enter signals corresponding to the 
measured zenith distances of the two stars. 
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VERTICAL PLANE 
TO STAR S92 


Fig. 51. Determination of a zenith difference 
h, and h,—star altitude; 2, and Z,—zenithal distances ; /A\A—a 
zenith difference ; and B—satellite’s location. 


Besides, before launching the earth’s satellite towards the 
computing device, the co-ordinates of the geographical positions 
of the heavenly bodies are interpolated. The variation of the 
longitude of the star’s geographical position is accomplished by 
a clock, which changes the longitude by 360° during the course 
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of a stellar day and night. The computing machine completes 
the mathematical operation, leading to the determination of 
the co-ordinates of the points of intersection of the two orbits 
at the sphere on the basis of measured and assigned data. 
Substantially, the problem reduces itself to a solution of two 
trigonometric equations having two unknown quantities--the 
latitude and longitude of the satellite’s geographical position. 
The co-ordinates of the earth’s satellite, obtained as a 
result of the automatic performance of the computing machine, 
aet on the corresponding instruments and can aiso be com- 
municated to the earth along the telecommunication channels. 
In the process of the satellite’s motion along the orbit, it is 
quite probable that one or both stars may go out of sight owing 
to the earth coming in bet- 
ween the satellite and the 
stars. Consequently, the astro- 
orienter should be automati- 
cally switched over to other 
visible stars convenient for 
navigation. But to accom- 
plish this work, it is necessary 
to interpolate the co-ordinates 
of the geographical position 
of these stars in the comput- 


Fig. 52. Azimuth difference. A ing machine. With this 


is too little and the determination of object, there must be provi- 
the location of the points of imer- .. es ti : 
section of the orbits of equal heights SION In the computing mecnha- 


is difficult. - . nism of a device for setting 
cand bi eis spinal diganses tho programme of transition 
circles. between stars, and the _ co- 

ordinates of the geographical 
position of the stars included in the programme must be 
assigned before the satellite is launched. While selecting 
favourable stars for navigation, it is manipulated in such a 
way that the azimuth! difference would be nearly 90° 
between the alternate stars under observation during the 
process of the satellite’s motion along the orbit and the 


1, Azimuth difference is the angle between the plane passing 
through the route to the luminous stars and the one at right anglesto the 
horizontal. 


BASIC EQUIPMENT OF THE SATELLITE OF THE EARTH 159 


zenith distances would not be small. These conditions 
having been satisfied, the possibility emerges of an increase 
in the accuracy of the determination of the latitude and 
longitude of the earth's satellite. We shall illustrate these two 
chief requirements. 

As has been pointed out above, the geographical position of 
the earth's satellite was defined as the point. of intersection of 
the two circles of equal elevation of the stars. The AA 
between the tangents to these circles at their point of intersec- 
tion is precisely the azimuth difference also. 

The difference of azimuth can be represented graphically (Fig. 
51), where A, and h,—elevation of the stars, A. A—is azimuth 
difference. It is evident from the figure that if the values of h, 
and h, tend to zero, the stars are close to the horizon. Ifthe 
angle between the tangents is small (Fig. 52°, the loration of 


CIRCLES OF EQUAL HIGHT 
LA 


Cc 
44 


AN 


Fig. 53. Azimuth difference approximates 90°? and the determina- 


tion of the point of intersection of the circles of equal elevations 
becomes more precise. 
z, and z,— zenithal distances ; and C and D— points of 
in:ersection of circles. 


the position of the point of intersection of the circles of equal 
elevations becomes difficult. When the azimuth difference is 
nearly 90°, an exact determination of the point of intersection 
of the circles of equal elevations becomes possible (Fig. 53). 
The zenith distance is given by the radius of the circle of 
equal elevations. If the zenith distance is small (Fig. 54), two 
points of intersection of the circles of equal elevations—points 
‘Cand D—can come closer. The computing machine could 
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not distinguish the differences between the co-ordinates of these 


two points, thereby leading 
the satellite’s location. 


to an incorrect determination of 


It is apparent from the examples cited above how important 
is the selection of favourable stars for astro-navigation. This 


Fig. 54. Zenith distance Z, 
is small as compared with Z,and_ gyrface in ‘determining the co- 


the points of intersection of circles 
of equal elevations C and D 


hardly discernible. 


selection fot different versions of 
the satellite’s launching can be 
done before hand by astronauts. 
The mechanism which accom. 
plishes astro-orientation of the 
earth’s satellite must be highly 
accurate. For instance, an error 
of 1° inthe determination of the 
vertical may lead to an error up to 
111 kilometres at the terrestrial 


ordinates of the earth’s satellite. 


8. Measurement of the elevation of the satellite’s flight 
It must be noted that the | 


above-mentioned device 
ting of an optical designer 


vertical and the photoelectron 


tracking mechanism of the 
usually designated the 


orienter, can also measure the 
- third co-ordinate—the elevation of 


the satellite’s flight. The 


surement of altitude is carried out 


by the vertical of the 
orienter. 


As is evident from Fig. 55, 
the triangle AO,°, formed by 


consis- 
of the 


stars, 
astro- 


mea- 


astro- 


one of the sides AO, and the axis 
OG, of the optical pyramid, 
contains one known side OA, which 
equals the radius (R) of the earth 
and a measured angle. Since the 
triangle AOO, is a right angle, its 
side OO, can be determined easily. 


Fig. 55. Determination 
of the satellite's altitude 
A—flight altitude of the 
satellite ; Z—measured angle ; 
R—radius of the earth ; O— 
Cenire of the earth; 0,--cen- 
tre of the satellite ; A—point 
of contact of the ray of light ; 
and B—geographical position 
of the satellite. 
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Hence, it follows that the flight elevation H is obtained by 
deducting the length of the segment OB which equals the 
earth’s radius from side OO, of the triangle. This geometrical 
problem is also resolved with the help of the computing 
device of the astro-orienter situated at the sputnik. 

The above-described principle of the construction of the 
astro-orienter does not appear to be unique. It could be based 
on other principles! as well. The magnetic principle of orienta- 
tion and stabilization of the satellite can ensure a fairly accurate 
determination of the vertical. Obviously, this last mentioned 
principle will be applied extensively in various forms of auto- 
matic and manned satellites of the satelloid variety. 


Fig. 56. Tracking device holding the satellite’s solar battery 
continuously towards the sun 
a—a’—horizontal and B—-B’—vertical spinning axes 
of the solar battery. 


The construction of an astro-orienter, in spite of the apparent 
simplicity of the underlying principles, appears to be very 
complicated and connected with the resolution of basically 


— ood 


1, The working principles of such a system of the satellite’s orienta- 
tion have been explained in the brochure Guided Missiles and Rockets, 
1957, pp. 107-108, published by the Voluntary Society for Aiding the 
_-Army, Air Force and the Navy, Moscow. 
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new technical problems calling for the latest achievements in 
the fields of optics, automaton and telemechanics. There are 
certain rigid requirements as regards this device in connection 
with precision, light, weight, size and the energy consumed. 

During the consideration of orientation and stabilization of 
the sputnik, we did not take account of the fact that the 
level of the solar battery must always be directed towards the 
sun. This is done by means of a special follow-up system of the 
sun, which tilts the battery plane about the horizontal axis aa’ 
and the vertical axis BB’ by means of motors | and 2 (Fig. 56). 

In the presence of the sunward deflection of the solar 
battery by means of a special device not shown in the figure, 
which measures the magnitude of this deflection, signals are 
conveyed at motor 1 or 2 of such mark or sign that during 
rotation they would restore the position of the battery. Such 
tracking of the sun is accomplished through other means of 
stabilization also, e.g., with regard to gyroscopes located on the 
satellite or with respect to stars, as electric energy is always 
needed. 

The question of stabilizing the frame of the earth’s satellite 
on the sun or along the terrestrial vertical must be resolved in 
regard to the relationship existing between the mass of equip- 
ment intended for solar investigation, including the solar battery 
and the apparatus for investigating and photographing the 
earth. 

If the mass of the first equipment, mentioned above, is more 
than that of the second, it becomes necessary to stabilize the 
satellite’s frame along with the solar battery at the sun. The 
second group of equipment stabilizes on the earth independently 
of the frame and vice versa. If, on the other hand, the second 
group has a greater mass than the first, the satellite’s frame 
should stabilize along the terrestrial vertical, the solar battery 
being stabilized independently at the sun, as shown in Fig. 56. 
In this case, there is minimum consumption of energy by the 
automatic system of stabilization. 

Stabilization is essential in case of all sputniks fitted with 
instruments, since the permanency of their position, e.g., with 
regard to the sun, the stars, trends towards the centre of the 
earth, or other definite trends, makes it easier to get at the 
significance of the results of measurements. 
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9g. Stabilizing elements of a satellite 

For prolonging the active period of the satellite’s existence, 
it is essential to have more permanent sources of electric energy. 
It can be assumed that in the very near future the solar 
batteries, assembled from silicon photocells, will be the most 
prospective source of power supply at the sputniks, by means 
of which special compact batteries will be replenished. 
Naturally, this battery must be directed towards the sun while 
the satellite is in motion. Besides, as already mentioned, the 
solar battery itself can be rigidly fastened with the satellite’s 
frame. In the first case, orientation at the sun or other celes- 
tial bodies is simultaneously possible with orientation of the 
solar battery and of a multitude of scientific instruments 
connected with the frame of the earth’s satellite. 

Only two methods can be employed for an angular orienta- 
tion of the sputnik’s axes relative to various supporting bodies 
like the earth, sun, moon, stars, etc., : 

first, by means of jet micro-engines ; and, 

secondly, by means of rotating inertial mass. 

The first method may prove inadmissible, as during its 
application the environment is contaminated by the products 
of the operating substance ejected through the nozzles of the 
jet micro-engines. The second method, which has also been 
suggested by K. E. Tsiolkovski, is obviously more rational. 
It is based on the law of conservation of main angular momen- 
tum discovered by Newton 200 years ago. The principle 
underlying this method is extremely simple. 

Let us place an inertial mass represented by a disc or a 
ring in the body of the earth’s satellite, which can be made to 
rotate by means ofa motor with respect to the body of the 
satellite. If this mass is set in rotation, its reactive force tends 
to rotate the body of the satellite in an opposite direction. 

It is possible by such method to stop the rotation of the 
sputnik’s case in space and turn the body of the satellite 
through a desired angle, 7.e., to accomplish an angular orienta- 
tion of the satellite with regard to its supporting frame. Thus, 


1, K.E. Tsiolkovski’s complete works. The Publishing House, 
the Academy of Sciences, U.S.S.R., 1954, Moscow. Vol. 2, pp. 58-60, 
Fig. 4 and text and also Works on Rocket Technique, Moscow, 1947, p. 322, 
and Fig. 6 and report by the same author. 
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masses of inertia, or special engines having an inertial rotor, 
as well as the jet micro-engines, which play the part of control 
devices in the environs of the sputnik, 7.e., under conditions of 
imponderability and vacuum, can be utilized as the stabilizing 
elements. 

It is evident that a real system of stabilizing the satellites 
presupposes a combination of these two methods. Whereas a 
system of jet nozzles is capable of eliminating most of the 
disturbing elements, it fails to give the required accuracy of 
stabilization. Similarly, the masses of inertia are capable of 
accomplishing an extremely precise stabilization. But their 
potentialities are limited in the sense of the removal of external 
disturbances. 


CHAPTER VI 


DURATION OF STAY OF AND OBSERVATION 
ON AN EARTH?’S SATELLITE 


1. Three orbits of an earth’s satellite 


We have already said that an artificial earth’s satellite is 
able to execute the most varied tasks. The selection of a 
proper orbit, depending on the manner and place of the launch- 
ing of the satellite, is essential for the investigation of various 
problems. 

We already know that the angular velocity of the sputnik 
is determined by the distance of the orbit from the earth and 
the number of revolutions completed by the satellite around 
the earth every twentyfour hours. For instance, the first 
Soviet satellite went round the earth fifteen times during 
twentyfour hours (day and night). In other words, it comple- 
ted one revolution in 96 minutes, during which period the earth 
turned round its axis through an angle of 24°, so that the 
satellite haying completed one full revolution appeared over 
other countries. This means that it flew past all new spots of 
the earth with every new revolution. 

The above principle holds true for all orbits with the excep- 
tion of one. If the orbital plane of the sputnik coincides 
with the equatorial plane, the sputnik will always fly past over 
the countries situated at the equator. But in case it passes 
through the poles, it will pass over different countries at 
different times of the day and night. Again, if it occupies an 
intermediate position, 2.e., if the orbital plane is inclined to the 
equatorial plane, the sputnik revolving round the earth will pass 
over various terrestrial geographical spots falling within the 
limits of the double of such angle. 
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Three positions of the orbit, namely, equatorial, polar and 
slanting, of an artificial satellite of the earth discussed above 


are represented below in Fig. 57. 


agi Me EQUATORIAL 
a ORBIT 


Fig. 57. Some positions of the satellite’s orbital plane 


The frequency of the satellite's passage over one and the 
same spot on the earth depends on the number of revolutions 
performed by it around the earth in twentyfour hours, as_ well 
as on the geographical latitude of the spot’s location. The 
sputnik launched at a height of 1,730 kilometres flies round the 
globe in two hours approximately, 7z.¢., it will complete twelve 
revolutions round the earth in day and night. During the 
course of one revolution of the satellite, the earth turns through 
an angle of 30°. Had it been desired to locate the sputnik 
over one and the same spot on the earth’s surface, we shall be 
required to launch it, in the first instance, in the plane of the 
equator and, secondly, ata height of 35,800 kilometres above 
the earth’s surface which constitutes nearly six times the radius 
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of the earth’. Only then, the angular velocity of the earth’s 
rotation will be equal to that of the earth’s satellite. 

If the various disturbances, such as the effect of the moon, 
the contraction of the earth, air resistance, etc., are not 
accounted for, the artificial satellite as well as all other bodies 
will move round the earth in elliptical orbits. The period of 
revolution 7' of the sputnik round the earth can be defined by 
the formula : 


on a Joss ~103/ 
T= ana / 1M, 3.14.10-a?/, (5) 
W here w= 3.14: 
= yaeg Sin . CA* —Constant of universal gravitation 
4 = 6.67.107° —_,—___ sh ua ; 
r or the gravitational constant ; 


M, = 5.98.10?’ —the earth’symass ; 
a—large semi-axis of the elliptical orbit 
in centimetres ; 
T— period of rotation of the sputnik in 
seconds. 


The sputnik moving not far from the earth’s surface, which 
is not really the case, would complete one revolution in 1°41 
hours. At a height of 400 kilometres above the earth, the 
sputnik equals 7°7 kilometres/sec., or 28,000 kilometres/hour. 

From the instances quoted above, it follows that the site of 
the launching? of a satellite makes all the difference. Con- 
sequent on the manner of launching the satellite will depend 
the orbit at height. 

Even the time of the day, as also the season when the 
satellite is launched, makes a difference. It has already been 
mentioned that an artificial earth’s satellite receives energy 
direct from the sun by means of special batteries. If this solar 
battery is connected firmly with the satellite’s frame, its speci- 
fic side or face must be illuminated throughout by the sun’s 
rays. That is why the sputnik must be launched at an orbit 
whose plane is perpendicular to the sun’s rays. Such a launch- 
ing can be accomplished only at a definite hour of the day, 


1, Mean radius of the earth is 6,372 kilometres. 
2, By the manner of launching is meant the flight programme of the 
satellite’s rocket-carrier, about which mention has been made earlier. 
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when the radius connecting the starting point with the centre 
of the earth is at right angles to the sun’s rays. 

It is necessary to take into consideration the season also 
during which the sputnik is launched. If the satellite flies along 
the above-mentioned orbit, a moment does come when the earth 
shields the sun from the satelllite consequent on the former's 
rotation round the latter. This case has also to be taken into 
account during launching in order to ensure maximum time for 
the accumulation of electric energy in such quantity that would 
suffice for the period during which the sun is concealed by the 
sputnik. 

We may ask : could we launch a sputnik along any orbit of 
our choice ? The answer will be in the negative. Such a 
choice does not seem to be possible, as the orbital plane must 
pass through the centre ofethe earth. 

Let us visualize that the orbital plane coincides with the 
parallel situated to the north of the equator. In this casc, the 
earth’s mass distributed between this plane and the south is 
more than the mass disposed from here to the north. Conse- 
quently, the force of gravitation is also more, tending to displace 
the satellite’s orbital plane in the direction of the equator. It 
continues as long as the satellite’s orbital plane does not coin- 
cide with the equatorial plane, 7.e., does not occupy a position 
when the forces of attraction of the southern and northern 
hemispheres are equalized. 

When we say that the satellite’s orbit passes through the 
poles or will lie in the equatorial plane, strictly speaking, it is 
not so literally. The fact is that the earth’s mass is distributed 
not uniformly as regards the primary terrestrial coordinates. 
Consequently, it is not possible to confirm that the masses of 
the northern and sonthern or the western and eastern hemi- 
spheres are equal, and thus their force of attraction will not be 
equal. The real orbital plane does not tally with the equatorial 
plane exactly, but coincides with the plane dividing the globe 
into two halves of equal masses. 

We have seen above that the earth’s centre of gravity is at 
a distance of 500 kilometres approximately from its geometric 
centre. For this reason and also on account of the uneven 
distribution of the earth’s mass, the orbit of the earth’s satel- 
lite is subjected to a varying force of attraction at different 
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intervals. Accordingly, the real course of the sputnik is not 
represented by a true circle or an ellipse. It does not even 
lie in either of the two planes, but represents a curve rather of 
a complicated shape. Besides, owing to these very reasons, the 
sputnik’s velocity, while remaining on an average equal to the 
angular velocity, varies at different regions of the orbit, increas- 
ing at certain points and decreasing at others. 

In conclusion, we may note that a cosmic ship having a 
second cosggic velocity moves in the form of a parabola. If, 
however, its velocity in that case exceeds the second cosmic, 
it begins to move along a hyperbola going out of bounds of the 
terrestrial pull in either case. 


2. Duration of a satellite’s existence 


Another very interesting question may be asked : how long 
can an earth's satellite come tostay ? Ifthe sputnik were 
situated in space absolutely devoid of air, it could stay as long 
as, for instance, the moon, since there would not be any factor 
to reduce its velocity. But, as already explained, the traces of 
air can be discovered at very great height—even 1,000 kilometres 
and above. Of course, the effect of such air on the sputnik’s 
velocity is negligible ; but, all the same, it is there. The nearer 
the satellite’s orbit passes by the earth, the faster the air retards 
its motion. The earth’s satellite starts approaching the earth 
in the form of a spiral and finally drops on the earth by means 
of parachutes, or burns up in the dense layers of the atmos- 
phere. On the other hand, at still lower orbits, it is easier to 
observe the sputnik, and the data obtained can be transmitted, 
or the reel containing the results of observations salvaged 
easily. | 

The exact calculation of the sputnik’s life is an extremely 
complicated affair. Nevertheless, there already exist certain 
formulae and methods for such calculations, on the basis of 
which the scientists have obtained somewhat contradictory 
results. We shall study some of the more authentic methods. 

At present, a method of calculating the period of the 
sputnik’s existence, allowing for a simultaneous and sufficiently 
simple investigation of the variation of orbital parameters with 
the passage of time, has been developed in the U.'S.S.R. It 
has been possible to establish a universal relationship between 
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the rate of height variation of apogee and perigee. This rela- 
tion is defined by the orbital parameter and the distribution of 
air according to height, and is independent of the gravimetric 
and aerodynamical characteristics of the satellite. 

Simple tables can be formulated for the determination of 
the satellite’s life in the orbit! on the basis of the results 
arrived at. 

The period of the satellite’s life strongly depends on the 
density of the upper atmosphere and is determined basically 
by the density obtaining in the region of perigee, which 1s 
approximately inversely proportional to that of the upper 
atmosphere. 

The first Soviet satellite of the earth, which weighed 83°6 
kilograms and was launched at a height of 950 kilometres, stay- 
ed for three months while completing a revolution round the 
earth in 1 hour 36°2 minutes. The second Soviet satellite of 
the earth, weighing 508 kilograms 300 grams and launched at a 
height of about 1,700 kilometres, was expected to outlive the 
first sputnik, taking a full turn round the earth in 1 hour 
42 minutes. For a comparatively low orbit, having the height 
of perigee 200 kilometres and that of apogee 400 kilometres, 
the period of a satellite's stay has been shown to be three days. 
Thus, we see that the life of an earth’s satellite is connected 
with the orbital height. 

Calculations indicate that, with the height of perigee remain- 
ing constant, it is possible to obtain a substantial increase in 
the satellite’s period of existence with only a single variation in 
the height of apogee. Thus, for instance, if an orbit has the 
height of perigee 360 kilometres and that of apogee 700 kilo- 
metres, an increase in the height of the latter to 1,000 kilo- 
metres leads to an increase by 2°2 times in the satellite’s period 
of stay. 

The increase in the satellite’s period of stay can also be 
known through a total increase of velocity in perigee upto 78 


1, D. E. Okhatsimsky, T. M. Eneev, and G. P. Taratinova ‘“Deter- 
mination of the Period of the Sateilite’s Stay and Investigation of Secular 
Disturbances of its Orbit.””. Journal Advances of Physical Sciences, Sep. 
1957, Vol. 63, No. 1 (a), 1 (4), pp. 33-50. The State Publishing House of 
Technical Literature, Moscow. 
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metres/sec. The result obtained points to the expediency of 
utilizing elongated orbits while constructing a satellite. The 
advantage of employing such orbits also lies in the fact that 
the error in the tilt angle of the vector velocity is markedly 
decreased in their presence up to the height of perigee. It 
means that, with an element of error, the probable depression 
in the period of life of a satellite will be less for orbits which 
are more elongated than those having the form of a circle. 
These data clearly indicate what a marked effect the increase 
of atmospheric density has on the period of the satellite’s 
existence. 

The first American sputniks to be launched during the 
course of the International Geophysical Year will, as is presum- 
ed, stay from a few weeks up toa month. Some scientists like 
Gatland, however, generally think that the satellites with such a 
short period of stay inthe orbit should be treated as semi- 
satellites. From the point of view of observing the duration, 
it is more expedient to launch the earth’s satellite at an orbit 
situated, at least, at a distance of 900-1,700 kilometres from 
the earth, as is done in the U.S.S.R. 


3. Conditions of the visibility of the earth’s satellite 


The observations carried out on the first satellites of the 
earth are helping to resolve several problems of the Inter- 
national Geophysical Year. These observations are carried 
out with high accuracy ; indeed, the error must not exceed a 
few angular seconds and a thousandths of a second. 

The most accurate methods of observations on the earth’s 
satellite are supposed to be the photographic and the optic 
methods. But the question arises: will a sputnik with a 
diameter of 50-60 centimetres and flying at a distance of 
320-1,700 kilometres from the earth be generally visible ? The 
scientists differ in their opinions. For example, Prof. Singer, 
the German specialist in the field of rocket technique, thinks 
that a sputnik wid be visible only if sodium vapours, which 
constitute a luminous cloud in the expanse tor a few kilometres, 
escape from the last stage of the rocket. Other scientists 
believe that such a sputnik can be seen even with a naked eye, 
when it is illuminated by the sun, during which period the sky 
or the atmosphere will be more or less dark. Such a condition 
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will exist either before sunrise or after sunset. The satellite 
will be as bright as a star of the fifth magnitude and, at the 
same time, visible to the naked eye. The visibility ofa satel- 
lite, as noted earlier, depends on the colour of its surface also. 
In the U.S.S.R., sixtysix scientific stations were set up by 
the Academy of Sciences to carry out observations on the 
earth’s satellites and determine their trajectories. The obser- 
vations were conducted by means of specia] astronomical tubes 
and powerful binoculars, and the results were communicated 
quickly to the Astronomical Council at Moscow. An open 
platform was arranged at the roof of the building of P. K. 
Shternkerg’s State Astronomical Institute in Moscow. 


Fig. 57 a: Chinese scientists conducting observation on the 
Soviet earth’s satellite 


The artificial satellite of the earth was seen in the 
Moscow sky for nearly four minutes, as it flew past at a height 
of 100 kilometres from the earth. On October 5, 1957, it flew 
past Alma-Ata exactly at 12 o’clock at night. It was visible: 
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even to the naked eye. That is what V. S. Matyagin, a scienti- 
fic worker of the Institute of Astrophysics of the Academy of 
Sciences of Alma-Ata, said on the occasion. The satellite 
moved from south to north-east and in spite of moonlight was 
distinctly visible to the naked eye for seven minutes. Sub- 
sequently, it disappeared rapidly. The earth’s satellite was 
also observed by people in the different towns of the world 
(Fig. 57 a). 

The observation of the artificial earth’s satellite was made 
possible by the use of astronomical tubes, which enabled the 
observers to see the “Baby Moon” asastar of the fourth or 
fifth magnitude. The tubes are designed specially for an 
observation of the satellite and possess a wide field of vision 
extending to a major part of the sky. The objective is placed 
down in the tube, while a plane mirror in a slanting position 
is located in front of it, in which the starry sky is reflected. 

The astronomical tubes are set at the roof perpendicularly 
to the course of the satellite on the firmament. They form an 
‘“‘optical barrier,” the chain of tubes giving the appearance of a 
single belt. At one spot or the other of the astronomical tube, 
the sputnik must enter the visual field of the observers. A 
supplementary ‘‘optical barrier’’ also exists on the platform, 
which is set strictly along the meridian. In short, everything 
is pre-arranged, so that it is possible to determine the satel- 
lite’s coordinates more exaetly. 

The observation on the satellite can be carried out from any 
particular station for an extremely limited time. This is so 
because of the large velocity of the satellite’s rotation round 
the earth. No doubt, it depends on the direction and orbital 
height, but takes a few minutes in all on an average. There- 
fore, it has been thought to create an artificial glow of the 
earth’s satellite by coating it with luminiscent compounds. In 
this case, the brilliance of the satellite’s glow will be consider- 
ably reduced in comparison with the brightness due to the 
illumination of the sun. Thus, the observation could be 
carried out on the satellite for a much longer period. Also, 
the possibility of illuminating the earth’s satellite by means of 
high power searchlights was studied. Nevertheless, it presents 
extreme difficulties owing to the atmospheric disturbances. 
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4. System of satellite control 


However, it has been established that it is possible to 
observe the artificial satellites from the earth after sunset or 
before sunrise by means of optical devices. For an exact 
survey of the satellite’s position, for instance, in the U.S.A., 
a network of twelve to fifteen stations equipped with special 
photographic and optical instruments, which ensured the deter- 
mination of three coordinates, namely, latitude, longitude and 
altitude of the sputnik’s flight, with an accuracy up to 
10/15 metres, was established. These stations would be parti- 
cularly useful during the last stages of the satellite’s existence 
when they start approaching the earth spirally, the more so 
on the discontinuance of radio signals consequent on the dis- 
charge of the sources of electric energy. 


Fig. 576. American scientists conducting observations on the 
Soviet satellite of the earth 


In addition to the special photographic and optical instru- 
ments, a special apparatus was also set up by the Research 
Laboratory of the U.S. naval forces for plotting the observa- 
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tions recorded on a cartogram. The scientific workers of the 
Geophysical Institute in Alaska also carried out observations of 
the sputniks. Fig. 57 6 indicates the moment when observa- 
tions were conducted on the Soviet sputnik’s in this laboratory. 

Furthermore, a special radio-transmitter on the sputnik 
was used for a preliminary determination of the coordinates of 
the satellite. It produced computations of the sputnik’s orbits 
each time it crossed the visual field of each station at dusk. 
The position of the sputnik and the time of its appearance were 
communicated to the stations and the observers with an 
accuracy up to one degree and few seconds. Such an accuracy 
is necessary, because each station has a chance to observe the 
sputnik not twice daily (in the morning and evening, as it 
could be seen at first sight), but nearly once a week either 
during the morning twilight or the evening dusk. It is so 
because the sputnik flies past a new spot on the earth with each 
new rotation round it and begins its flight above the old spots 
only after about a week. a 

It was proposed to launch such a satellite in the U.S.A. 
whose orbit would be inclined to the equator at an angle not 
exceeding 4°. The launching of a sputnik at such an orbit 
close to the equatox is a much easier task, since there isa 
possibility of utilizing the earth’s rotation for speeding up the 
rocket. 

We must know at the station, the location of the sputnik 
in the sky in order to carry out the exact measurements of its 
position. It is rather difficult because of the great motion of the 
sputnik, the speed being 1,000-5,000 angular seconds per second 
over the whole territory of the U.S.A. Thus, it flies for several 
minutes and is located in the zone of five observations only for 
one to two minutes. The observations of the sputnik by 
means of high-power stationary long-focus telescopes is of no 
use, as the image of the satellite will shift with a velocity of 
50/30 cm./sec. in their visual field. The short-focus telescopes 
with a focal length of 60/90 cm. can be employed, in which 
case the sputnik’s picture will shift with a velocity of 1 cm./sec. 
and can thus be easily followed. 

The well-known stroboscopic methods of photographing 
rapidly-moving objects are employed for determining the exact 
position of the sputnik. Since the sputnik is less bright, its 
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exposure is done on a highly senstive photographic film. The 
brighter the twilight, the lesser is the time of exposure which 


Fig. 57c. Photographic camera designed in the U.S.A. for 
photographing the artificial earth’s satellites 


is automatically adjusted in order to avoid a marked blurring 
of the photograph as much as possible. | 

The camera designed to photograph an earth’s satellite is 
shown in Fig 57 c. It consists of an objective with an inlet of 
500 millimetres and focal length of 100/70 cm. Two shutters 
are used: a large shutter to ascertain the overall time of the 
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exposure of the frame, and a revolving shutter which operates 
when the large shutter is in an exposed position. The revolv- 
ing shutter interrupts the exposure at an interval of nearly 
1;100 second, as a result of which time notches appear in an 
oblong picture of the satellite moving relative to the stars. The 
rate of the rotation of the shutter is matched separately with 
the motion of the special quartz clocks. As the quartz clocks 
measure time accurately up to thousands of a second’s fraction, 
the sputnik’s position is determined with exactness up to 1-5 
angular seconds. 


\ 


5. Radiogoniometry of the earth’s satellite 


It has already been pointed out that the observers should 
be informed in advance about the co-ordinates of the satellite 
and the time of its appearance for an optical observtion. In the 
US.8.R., information about the flight of the first artificial 
earth’s satellites was given regularly by the radio to people all 
over the world. For this purpose, special stations were 
employed in different countries, including the U.S.S.R. These 
stations were included in a general system of radio-telemetring 
of the sputniks fitted with installations for finding the direc- 
tion. The stations were so laid out that they could find out 
the co-ordinates and also direct the sputnik according to signals 
received from the radio-transmitter installed on it. The trans- 
mitter of the first Soviet satellites was many times powerful 
than what the Americans installed on their ‘“Vanguard’’ and 
emitted electromagnetic oscillations with a frequency of 20°005 
and 40°002 magacycles continuously for more than a week on a 
wave-length of 15 and 7°5 metres respectively. 

The principle for determining the direction is that by the 
phase. difference of high frequency oscillations of the transmitter 
received at two diversity antennae, situated at a respectable 
distance from one another on the earth, it is possible to find out 
the direction of the transmitter and its distance. 

For elucidation of this principle, we shall turn to Fig. 58. 
Let the upper sinusoid represent high-frequency cscillations 
received by one antenna and the lower sinusoid represent high 
frequency oscillations received by the other antenna. Since the 
antennae have space between them, the oscillations’ before 
striking them cover diverse route. Thus, a phase difference 
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develops between them, the time interval between the starting 
points of the sinusoid being denoted by O-I and O-IJ. We can 
measure this phase difference, but we cannot take into consider- 
ation the difference in the whole number of the sinusoidal 
periods, 7.e., allow an error of 7.360", where n is an integer. 
On account of this error for a measured phase difference, one 
gets as if there were many courses leading to the object (earth’s 
satellite), z.e., resulting in multivalent readings. 


MAGNITUDE OF THE 
OSCILLATIONS 


Fig. 58. Upper sinusoid represents high frequency oscilla- 

tions received by one antenna and the lower sinusoid 

represents high frequency oscillations received by other 
antenna (¢ is the phase difference of sinusoids) 


For the removal of the multivalency of the readings of 
direction, 2.e., for a selection of the real direction leading to the 
satellite’s transmitter out of the many probabilities, it is 
essential to have in the direction-finding system one or two 
additional antennae of the type applied, for instance, in the 
ground direction-finding station of the ‘‘Minitrek’? system. In 
such installations, two systems of pick-up antennae, namelv. 
fundamental and auxiliary, situated at right angles to each 
-other (I*‘ig. 59), are employed for the determination of the 
sputnik’s co-ordinates. 

In this figure, fundamental antannae A, and A, are spaced 
in the west-east direction and measure precisely the sputnik’s 
course, angle («) lying in the plane passing through the 
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sputnik and the antennae. The auxiliary antenna A, eliminates 
the multivalence of this measurement. 

Antennae dy, 43, d,and A, are spaced in the north-south 
direction, whereupon the fundamental antennac A,and A, are 
emiploved for an exact measurement of the course leading to 
the sputnik, and angle (8) is formed in the plane passing 
through the antennae and the sputnik. The two auxiliary 
antennae A, and 4, serve to eliminate the multivalence. Each 
of the seven antennac is accomplished in the form of an array 
of dimensions 1°5% 15 metres. Although in this system of 
direction-finding cumbersome antennae and very sensitive 
receivers at the earth are required, only a simple and light 
transmitter is necessary at the sputnik. 
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Fig. 59. Disposition of antennae for radiogoniometry of the 
earth’s satellite 
A,, 4,, A, and A,—fundamental antennae for an“exact measurement 
of satellite orientation in two mutually perpendicular planes ; Az, A, 
and 4,—auxiliury antennae eliminate the multivalence of measure- 
ment; a and 8—angles defining the satellite’s position. 


The means of radiogoniometry permit the tracking of a 
sputnik at all times of the day and during any lype of weather. 
In spite of the disturbances caused by the reflection of signals 
emanating from the sputnik through the ionosphere, the poudy 
of radiogoniometric data helps to determine the sputnik’s 
location in the orbit with an accuracy of 30-40 angular 
seconds, which is sufficient to resolve many problems enume- 
rated at the beginning of this book. With an increase in the 
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number of the stations, this accuracy can be increased. The 
supplementary data can be obtained from amateurs also who 
actively carried out the observations of the satellite. In the 
U.S.S.R., amateurs who were trained by the voluntary society 
for aiding the Army, the Air Force and the Navy, designed and 
constructed equipment for this purpose, or participated in 
observations on the first artificial earth’s satellites, thereby 
making a valuable contribution to this most important scientific 
enterprise. Their operations were co-ordinated in the astro- 
nautical section of the Central Aero Club in the U.S.8S.R. 

The radio-observations of the satellite showed that the 
power of the sputnik’s radio station guaranteed reliable recep- 
tion at a frequency of 20 megacycles at any time of the day on 
ordinary receivers. Sensitive receivers tracked the sputnik’s 
signals for 30-40 minutes. 


CHAPTER VII 


SECURITY OF LIFE ON AN EARTH’S 
SATELLITE! 


The physical conditions in the upper layers of the atmos- 
phere and cosmic space are studied by means of automatic 
prospectors of the cosmos. After this, stationary cosmic 
stations and manned interplanetary ships for other worlds are 
installed. We shall now examine the question whether man 
will be able to endure the physiological effects during the time 
of flight on the cosmic ship. the stay at the sputnik and the 
subsequent descent on the earth. We shall also discuss the 
various engineering problems connected with the security of 
life on the earth’s satellite and the cosmic ships. 


1, Problem of constructing a hermetically-sealed cabin 


The first question which arises while examining the likeli- 
hood of man’s flight in the cosmos is the same that must be 
resolved during the projection of aircraft Hying in the lower 
layers of the stratosphere also. It is a well-known fact that 
man begins to experience the lack of oxygen immediately at a 
height of 4 kilometres. Indeed, human life is exposed to danger 
ata height of 7/8 kilometres without any oxygen respiratory 
apparatus. The use of such an apparatus enables man to go 
higher up, although the inhalation of pure oxygen is no longer 
helpful at a height of 12 kilometres and stops generally at 
heights exceeding 15 kilometres. In order to avert this pheno- 
menon, popularly known as “oxygen starvation,” it is neces- 
sary to have in the cabin of the aircraft or rocket such air 


1, See Journal Problems of Rocket Technique, No. 3 (39), 1957, pp. 
111-114. 
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pressure or partial pressure of oxygen that is indispensable for 
normal breathing. 

Besides, a man not protected by a hermetically-sealed cabin 
can fall ill owing to the decompression disorders as a result of 
the decrease of air pressure at a height exceeding 8 kilometres. 
This disease appears because nitrogen dissolved in blood at 
reduced pressure may agglomerate in the form of blisters 
inside the blood vessels, cavities of joints and various tissues 
while changing over to the gaseous state. The formation of 
large bubbles of gas inside the blood vessels causes their clogg- 
ing, as a result of which paralysis and even death can take 
place. 

Furthermore, at a height of about 19 kilometres, with 
further decrease of pressure, the fluid content of human organ- 
ism starts boiling even at normal temperature. This pheno- 
menon was verified on animals, chiefly in the case of dogs 
exposed to an abrupt decrease of pressure up to a particular 
height. Besides, a complete stoppage of respiration was 
observed for 30-60 seconds and that of heart activity for two 
minutes approximately. All these phenomena proceed in a 
more abrupt manner in the cosmos. 

In order to escape the effects of these phenomena in flight, 
aircraft have hermetically-sealed cabins, in which carbon 
dioxide and vapours of water are exhaled in the surroundings, 
and the necessary air for breathing comes in after having 
undergone a preliminary compression. 

Such a method is, however, not suitable in the case of 
rockets. The reason is that at altitudes exceeding 24 kilo- 
metres air compression is extremely difficult owing to great. 
rarefication of the atmosphere. Moreover, if compressors could 
have been designed for great heights also, the temperature 
inside the cabin could be raised beyond 200°C during their 
operation. In addition, at these altitudes, ozone can be 
stored in the cabin in such concentrations that are harmful for 
man. 

Thus, for flights higher than 24 kilometres, a cabin is 
necessary which would be completely insulated from the 
exterior surrounding. The requisite pressure could be main- 
tained in it only at the expense of those stocks of the gases, 
mainly oxygen, which are on board the rocket in compressed 
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or liquified state. Carbon dioxide and water vapours exhaled 
by man are liquidated in this case by chemical absorbents. 
It is supposed that the total pressure inside the cabin ata 
level of approximately 1/2 atmosphere could maintain, during 
the decrease of air, supplies on board the rocket at the expense 
of a little excess of oxygen. This oxygen is necessary for 
compensating the harmful effects produced by the reduced 
pressure. Already, there exist indicators, which show auto- 
matically the oxygen and carbon dioxide content in the cabin’s 
atmosphere. Jn addition, there is an automatic apparatus to 
keep up the assigned pressure and composition of air in the 
cabin. <A hermetically-sealed cabin is also an_ excellent 
device, because, during the time of flight, the crew will not 
feel the abruptly-varying pressure of the atmosphere on the 
exterior of the cabin. 

While designing a hermetically-sealed cabin, it is essential 
to take the temperature factor into account. During the time 
of flight and especially while passing through the dense layers 
of the atmosphere, the walls of the cabin, and consequently 
the air inside the cabin, can warm up considerably. In spite 
of the fact that the individual gaseous particles have tempera- 
ture exceeding 2,000°C in the upper layers of the ionosphere, 
they do not heat the rocket, as they are too rarefied. The 
temperature of the frame of the aluminium rocket will not, it 
is thought, exceed 27°C at an altitude of 560 kilometres. 

The temperature of the rocket in the cosmos is determined 
bv a correlation of thermal energy absorbed from the sun’s 
rays and thermal energy emitted by the rocket. A_ black 
surface, we know, strongly absorbs the thermal rays, whereas 
a white and shining surface reflects them. K. EH. Tsiolkovski, 
while making use of this property, proposed’ that a portion of 
the outer surface of the rocket should be painted black to 
intensify the absorption of the sun’s thermal radiation, and 
also to render the remaining portion of the rocket’s exterior 
surface bright to reinforce reflection. The necessary tempera- 
ture inside the rocket or the earth’s satellite can be maintained 
by turning it towards the sun by automatic means. It isa 


1, K.E. Tsiolkovski, “Investigation of Cosmic Expanse by Jet 
Devices” (reprinted 1903, 1911), Kaluga, 1926. 
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very important fact, since a majority of semi-conductor devices 
are not able to operate at a temperature exceeding +60”. 

This method of maintaining the necessary temperature is 
used at present and was tested particularly during the 
launching of the stratosphere balloon Explorer II, whose 
gondola was painted in such a manner. The temperature 
inside the balloon fluctuated between +6°5° to — 12°C? for six 
hours (during the day) at a height of 22 kilometres. 

According to the famous German scientist, G. Obert?, the 
temperature of air in the cabin of the cosmic rocket, or that 
of the satellite, can be regulated by rotating a major or minor 
portion of its black or luminous surface ranging from +29° to 
— 12°C. . 

A number of different types of appliances must also be 
installed in the cabin for ensuring the preservation of life of 
the members of the crew in case of an accident. For example, 
if a rift develops in the wall of the cabin of the satellite of a 
size that an area of 1 square centimeter fits in 1 cubic metre 
of cabin’s volume, it results in producing vacuum for 40 seconds 
after the appearance of the eruption. In the event of such a 
breakdown, it is proposed to have light emergency astrosuits 
and stock of oxygen, by the use of which it could be possible 
to maintain the necessary pressure in astrosuits at the time of 
stopping. Furthermore, in extremely serious instances, the 
cabin could also be detached from the satellite tnd alight on 
the earth by using small brake rockets and improving the 
atmosphere by means of parachutes. 

Already, experiments have been conducted on apes and 
dogs when they were ejected in hermetically-sealed cabins 
from heights of 160 kilometres and 200 kilometres respectively 
during rocket flights. 


2. Safeguard against ultraviolet and cosmic rays 


The problem of respiration and temperature, however, are 
by no means the only problems encountered by man in the 


9 


>, H.C. Armstrong, Principles and Practice of Aviation Medicine, 
1952. 


oe G. Obert, Wars of Accomplishing Cosmic Flights, an abstract. 
Translation of the 3rd German edition. The State Publishing House of 
Defence Literature, Moscow, 1948. 
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cosmos. It is a common knowledge how men get scorched in 
hot sunny days with excessive sunburns, begin to lose skin, and 
sometimes even serious burns appear on the body. This is due 
to the action of the ultraviolet rays on the skin. The ozone 
layers found at an altitude of approximately 45 kilometres 
strongly absorb the ultraviolet rays, thereby considerably 
decreasing their effect on human beings. If men happen to 
be exposed to them above the insulating ozone layers, the 
effect is extremely powerful. However, the glass surfaces of 
the cabin through which sunlight can penetrate are so com- 
pounded as not to allow the ultraviolet and x-rays pass through 
them. Glass of such a composition has already been pro- 
duced. 

{t is, however, much more difficult to get protection from 
the cosmic rays. Even asthick a layer of lead as 1 metre 
does not afford completely reliable protection from them. 
Scientists, however, differ as to the degree of harmful effects 
produced by them on human beings. ’ 

Pilots who fly at high altitudes spend 7 ’ 

along time in an atmosphere where 
cosmic radiations are many times more 
powerful than onthe earth, but ins- 
tances of their harmful effects. on ! 
them are unheard so far. In fact, the ~~ [7 | 
nature of the cosmic rays, as their b 
action on human beings, have been y as 
studied very little so far. Evidently, | / 
the second Soviet satellite of the earth 
should be helpful to solve this difficul- 
ty to some extent at least. 


3. Excess weight and impondera- 

bility 

There is yet another difficulty 
which has to be faced during the 
accomplishment of cosmic flights. 
Recently, the significance of this fact 
has been strongly exaggerated. It is 
thought that with the rapid increase 
of velocity during return to the earth, the rocket crew will 


Fig. 60. Excess weight 
Operating On man 
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expericnce marked excess weight, 2e., men will feel as if their 
weight has increased several times. We already know why such 
a rapid velocity is necessary. At present, however, only excess 
weight is of immediate interest to us. 

Overload is a quantity lacking dimension which indicates the 
relationship between the force applied to the body and its 
weight. Depending upon the direction in which the excess. 
weight operates, its downward trends are treated as positive 
and the upward trends as negative. 

The excess weight is distinguished as linear, diametrical 
and marginal relative to human organism. Linear overloads 
are directed along the body. While acting from head to feet, 
they are treated as positive, but when operating the other way 
round, we take them as negative. Negative overloads are 
harder to endure by man than positive overloads. 

It is generally agreed that a body at rest is subjected to a 
unit of overload. It follows from this stipulation that with no. 
overload the weight of the body ceases to operate. 

Human beings can endure, for a short time, negative over- 
loads in three stages. Besides, they feel an influx of blood to- 
wards the head, pulsation in temporal arteries and strong tension 
of the head skin. During four to five stage negative overloads, 
the condition of a human being becomes extremely tense. Sharp- 
gripping pain in the temples appears; there is overflowing of the 
blood vessels of the face ; and the head causes bleeding through 
the nose. With an increase in the period of overload, the 
vision is also impaired and man looses consciousness. 

Positive linear stresses also upset the human organism. But. 
after their cessation man returns to normalcy more rapidly 
than is the case after negative overloads. In case of four stage 
overload, it becomes difficult to keep the head in the correct 
position ; cheeks, lips and the lower jaw hang down and respira- 
tion is upset. Also, the movements of the arms are gravely 
impeded, and internal organs are displaced. 

Indeed, man is not able to endure the effect of very large 
positive overloads, since, besides an insufficient flow of blood to 
the brain, the heat of the heart also increases. Four to five 
stage overload, if spread over a long time, will begin to produce 
a loss of vision and impair nervous activity, resulting in the 
slackening of quick thinking and attentiveness. This is not all. 
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A further increase of magnitude or duration of the positive 
linear overload can lead to complete unconsciousness. 

Diametrical overloads are endured more easily by human 
beings than linear ones, both as regards magnitude and dura- 
tion. The circulation of blood is not disturbed during con- 
siderable diametrical overloads. But the transitory effects of 
overload can be of a still greater significance. The significant 
dislocations of the internal organs do not take place in human 
beings ; and as the blood vessels are disposed mainly along the 
body, cross overloads do not exert a marked effect on blood 
circulation. Such loads mainly affect respiration which be- 
comes difficult with too great a value of overloads. 

There are special nervous ‘‘mechanisms”’ in human beings. 
for the regulation of blood circulation. These operate when 
the blood circulation is upset under the effect of overloads. 
The central nervous system directs these ‘‘mechanisms,’’ of 
which there are a large number in the blood system. It is 
these which maintain the necessary blood pressure in the 
vessels when the blood circulation is disturbed as a result of 
excess weight. 

In the initial stage of flight when the rocket acceleration is 
at the maximum, man will feel as if his weight has increased by 
four times. At further stages of flight, overload is lowered 
considerably and corresponds to twice the human weight 
approximately. Although the control during the first stage of 
flight is accomplished automatically and, consequently, the 
crew is not required to perform any tasks connected with rocket 
control, all the same, it is likely that the instruments and 
control devices will be disposed inside the cabin, so that they 
could be used with maximum ease by man while flying. How- 
ever, experiments have shown that man is most capable of 
enduring accelerations in a flying posture (Fig. 61). 

Indeed, man should undergo continuous training at special 
establishments where overloads are produced artificially in order 
that he could easily endure overloads when subjected to them. 
Pilots are employed as merry-go-rounds at such installations 
which also make use of future astronauts. 

As the artificial satellite or the rocket attains a velocity 
of 7°9 kilometres/sec., when the centrifugal forces counter- 
balance the forces of earth’s gravity, the state of imponderabi- 
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lity sets in the cabin. If the phenomenon of excess weight can 
be reproduced rather simply in terrestrial conditions, impon- 
derability can be produced only for a short duration, for 
instance, during descent of the lift and so on. Therefore, the 
study of the effect of weightlessness in terrestrial conditions is 
extremely difficult on account of the short duration of its opera- 
tion. The prolonged effects of weightlessness will be studied 
during the flights of the first earth’s satellites, first, on animals 
and, later, on human beings. At present, however, only cer- 
tain presumptions could be made in this regard. 


DIRECTION OF GRAVITY - DOWNWARDS 
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Fig. 61. Man’s capacity toendure acceleration in relation to the 
position of his body 


O—Mayo’s clinic ; @ —English data; A—German data ; 
(_j—data of the U.S.A. ; g—acceleration due to gravity ; and G—weight. 


In many cases, our body acts indifferently to the direction 
of the earth’s gravity. We can eat, breathe, talk, think, and 
use our arms equally effectively while standing or lying. Facts 
prove that the action of gravity neither helps nor hinders a 
majority of our processes. Several invalids, for example, live in 
a lying posture for years and, yet, they do not experience 
any peculiar difficulty owing to the effect of gravity. From 
the medical point of view, the only mechanism which is affected 
considerably by the state of imponderability is the equipoise of 
the internal ear. Nevertheless, there are cases of people who 
can, in spite of the breakdown of this mechanism, yet find their 
way even under water. The lack of this organ is, it is said, 
compensated to a large extent by the vision. Some scientists 
think that the stage of imponderability, if effective for a long 
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time, may lead to a gradual weakening of the nervous control of 
blood circulation which sets in owing to physical inactivity and 
muscular depression. It might appear that psychological effect 
is more important than the physiological. Accordingly, the 
cabin must be, as far as possible, so designed as to have provi- 
sionally “summit” and “bottom.” It may also appear that 
people who have performed a long interplanetary journey must 
become used to the earthly modes of life anew. It is not 
possible to walk about inside the cabin, since the pressure exert- 
ed by steps on the floor will be absent. Thus, the forces of 
friction, which are necessary for locomotion, will not be present. 
The motion will be possible by means of taking in hand the 
mounted components of the cabin. Also, peculiar difficulty 
will be felt regarding the circulation of fluids. They cannot be 
transfused by the usual method, but this operation involves 
force, making use of pumps or rubber converters. Even wash- 
ing could be done only by means of a sponge moistened in 
water. Such processes as combustion will not proceed in the 
ordinary course : a continuous jet of oxygen must be supplied 
to the flame of the burner, since the combustion products while 
accumulating round the flame can smother it. Food will have 
to be boiled in rotating pans, so that their contents could be 
tightened against the walls under the action of the centrifugal 
force. Some scientists suppose that people, who perform 
interplanetary voyages or prolonged flights in an earth’s satel- 
lite, can live on tablets containing ingredients of food in a 
concentrated form essential for human life. But investigations 
show that man cannot carry on for long with such food. It is 
necessary for the proper functioning of digestive organs that, 
side by side with nutritive substances, man should get an opti- 
mum amount of food as regards mass and volume. 

To make human life easy inside the cabin, an artificial force 
of gravity will have to be generated. This can be done by 
imparting to the rocket or the satellite some rotary motion 
(Fig. 62), whereupon the centrifugal forces that emerge side by 
side produce a sensation of ponderability inside the cabin. For 
the same purpose, other scientists propose to utilize magnetic 
frames and appropriate shoes. However, such a method solves 
the problem of facilitating the modes of human movement 
inside the cabin only partially. The state of imponderability is 
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conserved for all non-magnetic bodies like fluids, foodstuffs, 
‘clothes, etc., and all difficulties arising on account of impondera- 
‘bility persist. 


Fig. 62. Derivation of an artificial force of gravity 
O—centre of spin (pivot). 


A number of experiments have already been conducted on 
monkeys and dogs which were lifted on high-altitude rockets 
and lived in conditions of imponderability for a fairly long 
period. In the U.S.A., monkeys were lifted to a height exceed- 
ing 80 kilometres under the influence of morphia. Their photo- 
graphs appeared in various newspapers and journals. The 
experiments were, however, not always successful, and of all 
these only one monkey survived. More than once, mice have 
also been lifted up to the upper atmospheric layers. 

At the international conference on rockets and guided 
missiles held in Paris in December 1956, sensational aceounts 
were presented by the Soviet scientists about the safe ascent to 
an altitude exceeding 110-200 kilometres and higher of dogs not 
subjected to morphia, which are alive up to this day and feeling 
excellent. The photograph of one of these dogs is shown in 
Fig. 63. It was reported’ that out of 19 dogs lifted to an 
altitude of 110 kilometres, not a single one died, and that, for 
the first time, a scientiiic documentary film showing the be- 
haviour of these first travellers in the cosmos under the con- 
ditions of imponderability and vacuum was taken. This is 
what the Soviet scientist, A. V. Pokrovsky, under whose 
guidance these experiments were carried out, says : 

“At five minutes before sunrise, the cigar-shaped silvery 
rocket flew up in the stratosphere. In its head portion was 
installed a non-hermetic section in which were located catapult 
bogies. ‘T'o the carriages were attached special diving helmets, 
devices of oxygen supply containing 900 litres of oxygen, a 


1, See newspaper 7rud, February 16, 1957. 
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parachuting arrangement and an apparatus for recording the 
physiological functions during flight. 

“The catapult carriage weighed 70 kilograms and the para- 
chuting system ensured vertical velocity 


a 


of nearly 6 metres/ 
———— aca 


sec. during landing. The 
exploratory high alti. 
tude rocket quickly 
attained a height of 110 
kilometres, where its 
head portion got detach- 
ed from the body, and 
free fall started. The 
catapulting of the first 
carriage occurred at an 
altitude of 80-90 kilo- 
metres with a velocity 
of 700 metresjsec. 
approximately. It was 
followed by operation 
of the parachuting 
arrangement after three 
seconds and _ animals 
were dropped on earth ee 
from an altitude of 75- —- Fig. 63. 


"Photograph of the dog and — 


85 kil f the lift truck hoisted by Soviet scien- 
0 kuUometres for an tists to an altitude of 110 kilometres 
hour.........” which safely returned to earth 


Beginning from the year 1951, the Soviet scientists organiz- 
ed a large number of similar rocket flights with the object: of 
investigating the peculiarities of the top layers of the atmosphere 
and their effect on the living organisms. The experiments 
reveal a major achievement in the context of many complicated 
biological problems, the successful solution of which will bring 
nearer the possibility of man’s flight in cosmic space. 

The second artificial satellite of the earth, which was launch. 
ed on November 3, 1957 in the Soviet Union, points towards a 
large-scale conquest of science and technology in the U.S.S.R. 
It differed from the first sputnik mainly in that it had a more 
complicated apparatus as well as a hermetically-sealed container 
with a test animal dog. The container had a system of air- 
conditioning, food supplies and instruments for study of living 
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conditions in cosmic expanse. Surely, we are today nearer to 
the accomplishment of human flight in the cosmos. 

The medico-biological effect of imponderability, primary 
cosmic radiation and corpuscular and ultraviolet radiations of 
the sun have been studied very little. This will be possible 
only after a prolonged flight in the upper layers of the atmos- 
phere. However, in the first instance, the difficulties of design 
and method must be overcome before such types of investiga- 
tions can be conducted. The equipment must also be capable 
of operating independently for a long period, thereby ensuring 
an automatic recording of the indices and be highly stable to 
the effect of overloads, jarrings and the fluctuations of pressure 
and temperature. At the same time, the equipment must have 
small dimension and weight and consume electric energy 
economically. 

This is not all. We have to create conditions vital for the 
existence of animal life during flight ; and that is no easier 
task. The systems of reclaiming air in the hermetically-sealed 
cabins that are in vogue today are unsuitable by virtue of 
their unwieldiness and heavy weight. Obviously, it is necessary 
to develop other systems which would prove more effective. For 
instance, there must be a compulsory system of ventilation, 
since the state of weightlessness eliminates the cross ventilation 
that is usual for terrestrial conditions. Consequent on this, the 
distinctive features will be the heat exchange inside the cabin 
and guarding the animal against significant fluctuations in 
temperature. We will also havo to develop methods providing 
the animal water or liquid diet, since ina state of imponder- 
ability the fluid in the natural state can spread throughout the 
cabin. But even this detailed inventory of problems hardly 
conveys an idea as to how diverse and intricate they become 
when investigations are carried out under specific conditions. 

Naturally, it was necessary to work out a comprehensive 
system based on rather complicated automatic equipment which 
could maintain the living conditions of the animal. In addition, 
scientific apparatus intended for the investigation of a series 
of fundamental physiological functions of the animal and also 
of the hygienic conditions inside the cabin had to be made use 
of. Obviously, a preliminary training of the animal for a 
continuously fixed stay in the hermetically-sealed cabin and 
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the production in it of the requisite positive conditioned reflex 
functions essential for the accomplishment of the experiment 
were required. 

Furthermore, it was essential to solve a number of special 
medico-biological and technical problems, all of them having 
intrinsic theoretical and practical significance before the flight 
of the animal could be ensured in sputniks. 

It is quite natural that a warm-blooded animal like the dog, 
whose normal physiology had been studied thoroughly, appeared 
as the first ‘“‘passenger’’ of the sputnik. Dogs submit to training 
excellently in the unusual conditions of flight. Already, the 
data collected about the animal on the second satellite will 
furnish material for an extensive scientific analysis. In the 
appendix is shown the sketch of the dog Laika in the hermeti- 
cally-sealed cabin before its mounting at the second Soviet 
satellite. It is possible that for an elucidation of special 
problems, anthropomorphus apes, rodents, mollusks and insects 
will have to be utilized. The last instance presents fair chance 
for conducting genetic investigations. 

It is evident that significant efforts on the part of the Soviet 
scientists had to be mobilized to carry through so extensive a 
programme of scientific investigations which paved the way for 
launching an artificial satellite with an animal onit. One can 
predict that the data obtained so far will help a more complete 
and better study of the conditions of flight in the cosmos, 
thereby making it possible for human beings to make cosmic 
flights. 


4. Astrosuit 


Man, while making cosmic voyages, must have a special 
dress, which should be airtight and loose-fit and ensure normal 
respiration. Every astronaut must have a dress of this type. 

First, he should have the costume which he will wear 
during the time of the take-off of the rocket from tbe earth 
into the cosmos. This dress should be able of freeing him from 
the overloads that emerge. In Fig. 64 is depicted such a 
dress. 

Secondly, he should have a dress for locomotion inside the 
rocket. As the rocket cabin is hermetically-sealed and an 
automatic supply of air is arranged inside it, the astronaut need 
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not have a bulky suit. He can be dressed up in a light suit, the 
so-called transport suit. In this dress, the compressed air 
~~ coming in from the small 
_ . cylinder located at the girdle 
of the astronaut creates an 
artificial pressure on him. It 
contributes to an increase of 
blood pressure in the human 
organism, which is extremely 
‘necessary for his existence. 
And, finally, the astrosuit 
should be such in which man 
could move out in cosmic 
expanse. This dress, which 
is of the type of a diving 
helmet, must be airtight, 
should have an independent 
apparatus guaranteeing nor- 
mal respiration and also 
Fig. 64. Heavy astrosuit designed Penne ee on eee 
for large overloads perature. Moreover, the 
suit must not be tight-fitting 


So as to restrict movement. 

Indeed, tremendous research efforts will be needed to solve 
questions to ensure living conditions for human beings ina 
rocket or at an earth’s satellite. To begin with, experiments 
will have to be carried out on creating hermetically-sealed 
cabins, diving helmets and loading suits for high altitude air- 
craft with supersonic velocities and the medico-biological 
problems that have already been solved during the launching of 
the second Soviet satellite of the earth. One can assert on the 
basis of the existing level of technology and the accumulated 
stores of knowledge that stationary manned satellites and 


interplanetary rockets will be capable of being fully realized 
within next ten to fifteen years. 


CHAPTER VIII 
RETURN OF ARTIFICIAL SATELLITE TO EARTH 


1. Two methods of retardation 


The problem of the return of the cosmic vehicle or the 
artificial satellite to earth is extremely complicated. At present, 
the scientists see two possibilities for braking the cosmic rockets: 
first, the utilization of atmosphere as the resisting medium, and 
secondly, the application of rocket motors. During the first 
method, the form of a rocket is given tothe satellite. The 
process of retardation proceeds in the following manner. 

The satellite's velocity decreases as it enters the upper 
atmosphere. But just like a stone when it is dropped in 
water approximately parallel to its surface, it bounces afresh 
with a rebound back into the cosmos on account of its peculiar 
aerodynamic form. 

Before the satellite re-enters the atmosphere, its velocity 
will have already diminished. Thus, it penetrates the atmos- 
phere somewhat deeper than in the first instance, and its 
velocity is decreased all the more. Finally, after this process 
has been repeated several times, the satellite’s velocity will be 
significantly reduced. From this moment onwards, it will start 
the downward motion with a fairly high speed, but on specially 
provided slide wings and gliding planes. 

For the second method of braking the satellite, an auto- 
matically controlled rocket motor is necessary in flight. Motor 
reaction should be directed opposite to the satellite’s motion 
to accomplish retardation. In this case, the satellite’s velocity 
will decrease and can be regulated by a variation in the fuel of 
the rocket motor. In other words, the satellite’s descent will 
have an opposite character to that of lift. An exact determina- 
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tion of the distance up to the landing strip will be most signi- 
ficant for descent on the earth. For this purpose, the most 
ideal radar sets or independent modes of orientation existing 
on the satellite will be utilized. The downward motion and 
manoeuvering will be controlled by automatic guidance systems. 
It should be noted that if the rocket uses an atomic motor, 
for landing it must have auxiliary jet engines operating on 
ordinary fuel, otherwise the landing strip of the rocket will be 
charged with the radio-active matter. 

An appraisal of the two methods of descent—one by utilizing 
the air as the resisting medium and the other by the application 
of rocket motion— which we have discussed above, shows that. 
the first method is simpler to achieve technically. But it has 
an intrinsic drawback in that it is extremely difficult to design 
the landing strip. The second method, on the other hand, 
though technically more complicated, nevertheless ensures the 
accuracy of landing. 


2. Salvaging of the results of scientific observations 
and their transmission to the earth 


One of the foremost problems of the first satellites is the 
salvaging of the results of scientific observations and their 
transmission to the earth. The earth’s satellite with its instru- 
ments will probably burn out as a meteorite after having run 
into the dense layers of the atmosphere with a huge velocity. 
Indeed, it is most essential that the satellite should return to 
the earth with all its instruments, or only instruments, or even 
parts of instruments containing information not transmissible 
by radio. Such information, for instance, consists of spectro- 
graphic observations of the ultraviolet and x-ray region of the 
spectra of the sun and the stars, which is completely cut off in 
the atmosphere by ozone and is not observable on the earth, 
atmospheric tests at the altitude of satellite’s flight, etc. Of 
course, some information regarding the short-wave part of the 
spectrum obtained by means of photon counters will be trans- 
mitted to the earth by radio. Nevertheless, much more complete 
and valuable information can be gathered by means of the 
spectrograph. This instrument will have certain peculiarities 
when intended for installation at the sputnik. Instead of a 
prism breaking up the sunlight into its constituents, a small 
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concave lattice, the radius of curvature having 40-50 cm. and 
having 6 to 7 million marks in 1 centimeter, will be utilized. 
If the satellite is not oriented at the sun, the mirror will keep 
track of the sun, directing its light at the chink of spectrograph. 
The solar spectrum will be photographed on the film rolling on 
the light roll, which will contain the data on the solar spectrum. 
It is also essential to transmit to the earth the film with 
photograph of the earth. 

The prolonged observations of the primary cosmic radiation 
can be carried out with the help of the artificial satellites of the 
earth. Through these observations, we can obtain the data on 
those processes which the cosmic rays undergo en route to the 
place of their origin. These very cosmic rays enable us to ex- 
plore the universe surrounding us. 

Undoubtedly, the instruments installed at the satellites 
will, in the long run, make it possible to follow the primary 
cosmic radiation continuously. Components will also be dis- 
covered in the make-up of the cosmic rays which would provide 
the data about the universe on an incomparably larger scale 
than what is known at present. 

More detailed data about the processes of the formation and 
dissociation of particles during high energy nuclear interactions 
leading to the problems of the structure of elementary particles* 
can enable us to study the cosmic rays by means of plates 
coated with a thick layer of specially prepared photo-emulsion. 
A pack of thick-walled plates is placed at the altitude for a 
period not exceeding fifteen days for an investigation of the 
cosmic rays. During this period, sufficient traces are stored up 
in emulsion and the first marks no longer lose the capacity to 
develop. 

Considering that the satellite is not required to be at the 
orbit for a very long time for photographic observations, 
Richard Porter, the chairman of the government technical 
group on the production of satellite in the U.S.A., offered a 
design of the sputnik, providing for return to the earth a small 
holder with exposed film. This satellite represented a sphere 
weighing 9°5 kilograms. I. Porter proposed to connect this 


1,G. B. Zhdanova, The Cosmic Rays, The Military Publication, 
Moscow, 1954. | 


198 ARTIFICIAL SATELLITES OF THE EARTH 


ball to the retarding rocket (Fig. 65), which was fixed by a. 
nozzle to the third stage of the rocket-carrier which carried the 
sputnik to the orbit. 

The third stage of rocket 1 for launching the earth’s satellite 
gets a rotary motion after it has crossed the atmospheric limits 
which produces a stabilizing effect by means of very small 
rockets installed at this stage. After this stage, when the rocket 
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Fig. 65. Rocket with air retardation 
1—third stage rocket ; 2—carrier ; 3—retro-rocket ; 4—gas cylinder 
for inflating the balloon, and its detachment ; 5—stainless steel balloon ; 
6—instruments (left with the third stage rocket) ; and 7—radio and film. 


appears as an earth’s sputnik itself, the scientific equipment of 
the satellite is drawn out on a special carrier 2. This equip- 
ment, however, must be outside the thick-walled rocket, as it 
introduces distortions in measurements and the working of 
instruments. For instance, the showers of charged particles are 
produced in the rocket walls under the effect of the cosmic rays, 
as a result of which the cosmic particles cannot be seen clearly. 
As is evident from Fig. 65, the artificial satellite of R. Porter, 
besides instruments 6, radio-plant and the rocket container near 
film 7, has also a ball made of stainless steel 5 (its volume up to 
1°8) being utilized as a parachute and gas cylinder 4 for inflat- 
ing the ball after its detachment from the retarding rocket. 
This sputnik does not have a solar battery, as electric batteries 
of small dimensions are preferable to solar transformers during 
operation for a short period. 

By means of an exposed film, a small rocket is liable to re- 
turn to the earth. 

During the period of the sputnik’s location in the orbit, 
the radio-station communicates to the earth the data about its 
position in space. Subsequently, it receives the signal from the 
earth as the exposed film gets in the socket. The compact ball 
together with the socket, the miniature radio-station and the re- 
tarding rocket is detached from the third stage of the satellite’s 
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rocket-carrier. The braking rocket begins to operate at point 
B of the orbit situated at 18U° from the launching point A in 
accordance with the. signal received from the earth (Fig. 66). 


COURSE 
ALONG 
ORBIT 


Cc 


Fig. 66. Action of retro-rocket 


A—launching base of the artificial earth’s satellite; B—point of 
detachment of the balloon containing the jig, co-radio-station and retro- 
rocket from the third stage of the rocket-carrier; and C—cut-in of 

the retro-rocket. 


It is necessary because the position of the rocket’s axis in space 
remains fixed due to rotation about the longitudinal axis. 
Thus, the brake action of the retarding rocket will be effective 
only at 180° across the launching site. 

After the cessation of the brake action of the rocket at 
point B over the launching site, the valve of the balloon con- 
taining helium is opened. The compact ball is inflated as 
quickly as possible, gets detached from the retarding rocket and 
falls on the earth, carrying only the socket containing the film 
and the tiny radio-transmitter which emits signals during 
descent so as to locate the landing strip easily. 

According to R. Porter’s estimate, this ball has a diameter 
of 914 mm. and is made of a sheet of stainless steel with a 
thickness of 0°076 millimetres. It also has protective layers of 
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polytetra-flouroethylene of a thickness of 0°02 millimetres both 
on the internal and external sides. Sucha ball can deliver a 
socket onthe earth with the film of an overall weight of 
227 grams. / 

The retarding rocket slows down the sputnik’s orbital velo- 
city from 7,620 metres/sec. to 6,096 metres/sec. until the ball 
enters the dense atmospheric layers, its descent taking place 
along an elliptical trajectory. 

According to Porter, although the ball is heated up to 2,000° 
approximately, it does not, all the same, fuse on entering the 
atmosphere because of two primary reasons : first, its aerodyna- 
mical instability which makes it swing, as a result of which 
about 50% of the ball’s surface is warmed up; and, secondly, 
the external protective coating. The socket with film, which is 
covered with several layers of polytetra-flouroethylene by means 
of quartz is partly heated. This coating having been volatilized 
does not allow the socket to be heated excessively, a fact which 
can lead to the breaking of the film. If the consequences of this 
vigorous heating can be avoided, the ball will descend on the 
earth like a parachute with a velocity of 9 metres’sec. for 
20 minutes after its exit from the orbit. 

From the point of view of a detailed description of this 
project, it may be pointed out that the total weight of 9°5 
kilograms of the sputnik is allotted thus : rocket of retardation 
—5'4 kilograms ; ball—1°6 kilograms ; and the structure of the 
sputnik, radio, camera, balloon containing helium for filling the 
ball, etc.,—2°5 kilograms. 

Besides the project already examined, there are others which 
provide for coating of the artificial satellite with a thick layer 
of thermo-insulating material, which will protect some instru- 
ments and the film against combustion. Here we should take 
note of K. Eric’s design, which does not utilize the air-drag for 
brake action but its lift after providing the satellite with little 


bearing surfaces, thereby rendering it manoeuvrable during 
descent. 


CHAPTER IX 
MILITARY SIGNIFICANCE OF THE SATELLITE 


N.S. Khruschev said on November 6, 1957 in a report at the Jubilee 
Session of the Supreme Soviet of the U.S. S. R.: 

‘“‘The imperialists are exploiting even the fact of launching the artificial 
satellite of the earth by the Soviet Union for their own ends. They have 
spread rumours and created alarm by declaring as if the launching by Soviet 
Union of the sputnik is a menace to peace and has threatened capitalistic 
states with the new weapon. 

We solemnly declare that our people have never thought nor do they in- 
tend in future to take recourse to any means of destruction, if our country is 
not invaded by the imperialistic states. We have shown that if the Soviet 
Union has succeeded in producing an earth’s satellite as a result of endeavours 
of her scientists, engineers and workers, so can other countries and more so 
such a highly developed country as the U. S. A. can construct one likewise. 
No doubt, whatever our country has achieved has a great significance because 
we are gaining in time in competition with capitalistic countries.” 

An intensive study is going on in the capitalistic countries 
of the possibilities of application of the earth’s satellite for 


military purposes. 


1. Artificial satellite-scout 


In the opinion of specialists, the small unmanned satellites 
of the earth have a limited, nevertheless a direct, military signi- 
ficance. They can be utilized chiefly for prospecting purposes, 
for instance, for photographing the earth’s surface, or its regions. 
The unmanned sputniks may also prove useful for increasing 
the accuracy of hitting the target by intercontinental rockets. 
In any case, they may help to define the dimension and shape 
of the earth, distances between the different continents and 
geographical spots more precisely. Besides, it is hoped to 
obtain data about the gravity of the earth and its magnetic 
field at large altitudes. These data are essential for map plott- 
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ing and also fora check up of the orientation reliability of 
intercontinental rockets. 

The problem of the shape of the earth is particularly 
important. “The shape of the earth has not been determined 
sufficiently accurately, and our geographical, military and other 
maps are not perfectly reliable. The greater the area covered 
by them, the grosser are the errors. This can result in a 
significant decrease of firing accuracy at large distances, ¢.g., 
by intercontinental missiles which have a range of 8,000— 
16,000 kilometres, and presumably even more. 

The project of the artificial satellite—the cosmic military 
scout which has received the name the “‘big brother’’!—is parti- 
cularly noteworthy. This sputnik is intended for a survey of the 
earth’s surface and the transmission of the results of scouting 
to the earth. It is thought that the first specimen of the scout 
sputnik will be completed in about five years. Let us examine 
the equipment of this sputnik. 

There can be two ways of surveying the earth’s surface from 
a scout-sputnik : by radar and the optical means. Radar is 
preferable to the optical method in that the observation 
on earth can be conducted by the former in any weather and 
at any time of the day. The sputnik can be fitted with equip- 
ment corresponding to the air-borne panoramic scanning radar. 

The sputnik’s radar emits powerful and very narrow radio 
pulses inthe horizontal plane, which are fan-shaped in the 
vertical plane (Fig. 67). Each strip has a determinate reflecting 
capacity defined by the soil composition, and the nature of 
vegetation on it. The antenna of the satellite’s receiver, which 
operates only during the time intervals between pulses, picks up 
signals reflected from somewhere near point A at the earth’s 
surface, as it is the nearest situated, followed by signals from 
remote points. Next, signals reflected from somewhere near 
point B are picked up. 

The value of signals fluctuates according to the reflecting 
capacity of the parts. If these signals will control the brilliance 
of the beam at the radar screen of the cathode-ray tube scanning 
from the centre to periphery along the radius, then signals 
originating in and having a larger reflecting capacity will give 


1, For description of its mechanism, see American Aviation, Vol. 102 
No, 3412, Feb. 14, 1956, p. 4. 
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more brilliant spots than those coming from parts which are 
less reflecting comparatively. If parts of the earth’s surface 
1, 2, 3, 4, 5, 6, 7, etc., are illuminated successively (Fig. 67), a 
complete radar picture of the site, over which the artificial 
satellite flies at a given moment, is obtained at the screen of the 
eathode-ray tube. Naturally, this picture need not be had at. 
the satellite itself, SPUTNIK 

if reflected signals 
picked up by it can 
be transmitted by 
radio to the ground 
station after ampli- 
fication. 

Let us assume 
that the artificial 
scout-sputnik flies 
at an altitude of 800 HORIZONTAL 
kilometres from the PLANE 7 6 AY 
earth’s surface. At 
that time, it will be 
impossible to obtain 
avery small beam 
width in the *hori- 
zontal and azimuth 
planes in order that 
the objects posses- 
sing dimensions, 


even of the order 
: Fig. 67. Operating principle of the panoramic 

ofl kilometre, could radar of scout-sputnik 

be distinguished. 4 and B—the nearest and the farthest points of 

Moreover, the mo- _ Signals reflected from the earth; and 1, 2, 3, 4, 

5, 6, and 7—-sequential! position of rays. 


VERTICAL 
PLANE 


dern radars having a 
maximum resolving power produce a picture of the region under 
inspection with poorer details than an air photograph taken 
from the same altitude. 

The most accurate and detailed data about the earth’s surface 
can be obtained by means of a sufficiently light and aperture 
ratio camera. This appliance can ensure the discrimination of 
an object having a diameter of 550 metres approximately from 
a height of 800 kilometres. A photo-optical survey of the 
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earth’s surface from the sputnik implies the utilization of light 
reflected from the earth for producing a picture of the area on 
the film by means of a lens. 

In one of the cameras offered for the artificial] scout-satellite, 
a lens of a fixed aperture ratio with variable focal length is 
used. Individual lenses of this objective can be easily shifted 
longitudinally while obtaining a magnified picture of the earth’s 
surface, and also to ‘‘segregate’’ the object of our interest in the 
entire visual field. The calculations show that law courts, 
aerodromes and columns of mechanized armies can be pin- 
pointed in this way. 

It follows from the computations done by the collaborators 
of the firm ‘‘General Electric’ in the U.S. A. that a terrestrial 
strip, 1,600 kilometres wide, can be surveyed by photographing 
on a 127 MM. film, the focal length of the objective being 220 
MM. and the period of revolution of the sputnik two hours. Fifty 
snaps must be taken for the entire stretch of the earth, over 
which the sputnik flies during one revolution round it, which 
should be represented in the photographs with some overlapp- 
ing. As in the event of the sputnik’s orbit passing through the 
poles, the distance between individual trajectories during the 
successive passage of the sputnik above the equator is nearly 
3,200 kilometres. Thus, three cameras, adjusted at a small 
angle to one another, are required for a complete survey of the 
earth’s surface with the requisite overlapping (Fig. 68). Nearly 
900 photographs would be required for an exposure of the 
entire surface of the earth. 

However, with the modern level of development of techno- 
logy, it is not possible to obtain the film carrying the sputnik’s 
photograph without the latter’s landing. As has been men- 
tioned before, landing involves huge difficulties. Thus, in the 
first scouting sputniks, the data obtained optically about the 
earth’s surface will be transmitted to the earth by television. 
The resolving power of such a system will, no doubt, be less 
than that of the photo-optic system, but it will be higher than 
the radar. 

In Fig. 69 is depicted a photo-telecamera where 2 indicates 
an arrangement consisting of two plane mirrors installed at the 
cardan supports, thereby ensuring a steady angle of incidence 
of the light rays coming from the surveyed surface upon the 
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objective with variation in the sputnik’s position. This 
mechanism called the cellostat is simpler and more exact than 
the powered gyroscopic system of stabilization of the entire 
sputnik. Besides, it consumes less energy, as the mirrors have 
greater freedom and are easily displaceable with regard to each 
other as well as the objective. 
The light rays 11 reflected from 
the earth’s surface after going 
through the cellostat pass thro- 
ugh the optical system with a 
variable focal length, allowing 
thereby to get a magnified 
picture of the earth’s surface, 
and the highly sensitive vision ; 
pick-ups 9 are projected at the 
photo-cathode. Just like the 
usual television transmission,@ Fig, 68. Triple-barrel optical 
fine electron beam goes about system for photographing the 
the photocathode _ electric ee ne aa 
surveyed region being 1, 

signals. These signals are kilometres 

amplified and relayed to the earth by transmitter 6. It is 
possible to obtain a picture of the site over which the artificial 


Fig. 69. Photo-telecamera of the scouting sputnik 


1—steering signals obtained from the receiver or gyro controllers ; 
2—plain cellostat mirrors with their front surface silvered ; 3—cathode- 
ray transmitting tube; 4—signal voltage; .5—receiver; 6—broad 
band transmitter; 7—from central power sources; 8—to antenna ; 
9—picture projected on photo-cathode tube (pick-up) ; 10—inlet of the 
optical system ; and 11—light rays reflected from earth’s surface. 
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scouting satellite flies at the screen of sensitive television receiver 
situated at the ground observation post. Nevertheless, the 
military significance of such a sputnik is quite doubtful, as the 
scouting operations could be carried out during sunny days only. 
As regards the photographing at night with the help of the 
infra-red rays, it is difficult to depend on it at present. 

Besides the devices shown in Fig. 69, the sputnik will be 
fitted with a number of servo systems. Sufficiently powerful 
energy sources are essential for operating the cameras and the 
transmitter, and for this purpose the obvious choice is the solar 
batteries. The sputnik will also be equipped with a radio 
receiver and an automatic arrangement for connecting and 
disconnecting the camera and the transmitter. 

For normal operation of the photographic equipment, it is 
essential that the satellite should fly in a circular orbit or in 
an orbit proximating the circular. 
Therefore, there should also be a jet 
engine and a fuel tank at the sputnik 
for correcting the rate of motion along 
the orbit during the first revolutions of 
the sputnik. In Fig. 70 is shown the 
arrangement of the tri-stage rocket 
intended for launching the scouting 
satellites. 
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Fig. 70. Tri-stage rocket intended for 
launching the scouting satellite 

I1—compressed gas; 2—pumps: 3—fuel 
tank ; 4—vertical photo camera; 5—trans- 
mitters for transmitting data to the earth ; 
6—solar batteries; 7—radio—receiver for 
connecting and disconnecting the camera ; 
8—gyro power system for stabilizing the flight 
trajectory ; 9—jet engine for correcting the orbi- 
tal velocity ; 10—instruments of second stage 
of the rocket; 11—fuel ; 12—oxidizer ; 13— 
pumps ; 14—engine having a pull of 3/14 tons ; 
15—instruments of first stage of rocket ; 16— 
compressed gas; 17—fuel: 18—oxidizer : 
19—pumps ; 20—engine block with an Overall 
pull of 45-54 tons ; 21—stabilizers ; and AB— 
horizontal line. 
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The third stage of this rocket is the artificial scouting sputnik, 
2v.e., the one located higher than the horizontal line AB. The 
total weight of this sputnik is 115 kilograms. For putting it 
in the orbit, e.g., at a height of 800 kilometres, and imparting 
the required velocity to it, a rocket having a pull of 44°5 tons 
is essential. A tri-stage rocket with an engine operating on 
alcohol and liquid oxygen will weigh approximately 41 tons 
with a total length of 24°4-—-27°4 metres. 


2. Possibility of constructing a military interplanetary 
station 


According to specialists, the setting up of the stationary 
manned satellites—the interplanetary stations—will be the next 
stage in utilizing the artificial satellites of the earth for mili- 
tary purposes. The realization of these stations will be possible 
when the habitable cosmic vessels, capable of transporting the 
optimum quantity of freight, have been constructed. Many 
designs of similar vessels exist. Let us examine, for example, 
a brief description of such avessel and of the interplanetary 
station according to the design prepared by Verner Von Braun, 
one of the celebrated rocket specialists and the pilot designer 
of the rocket ‘“‘V-2.’” At present, he is engaged in the develop- 
ment of guided missiles at Honteville (Alabama, U.S.A.) 

The interplanetary vessel of Braun is a huge rocket com- 
prising of three parts, one situated above the other (Fig. 71). 
The rocket height is 80-83 metres, diameter nearly 30 metres 
and weight approximately 7,000 tons (approximate tonnage of 
a light cruiser). The cisterns of the rocket hold 6,150 tons of 
hydrazine and nitric acid (approximately the weight of half the 
load lifted by a tanker of average load capacity). The lower 
part appears to be the primary stage of acceleration. It has 
51 jet engines, which can generate a pull equal to 14,000 tons 
at the moment of take-off of the rocket from the earth. The 
rocket slowly moves up under the action of this thrust. The 
auto-pilot operating on aerodynamic and internal controllers 
will control the rocket’s position. 

After 84 seconds of starting the motors of the first stage, 
the stocks of fuel are exhausted, reducing the rocket velocity 
to 8,370 kilometres/hour. At this moment they are discarded, 
and 22 motors of the second stage begin to operate, bringing 
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_. Fig. 71. A probable tri-stage rocket designed for construction of a 
military interplanetary station and for communication with it. 


1—instrument compartment ; 2—cabin of the astronaut pilot ; 3— 
room for crew ; 4—room for cargo ; 5—nitric acid ; 6—hydrozine ; 7— 
pumps for supply of hydrozine and nitric acid ; 8—four sustainer motors 
and one for cruising conditions ; 9—vertical stabilizers (fins) ; 10—supply 
pumps for hydrozine and nitric acid ; 1!—control motors mounted on 
gimbals (4 groups of 3 motors each); 12—twenty two sustainer rocket 
engines; 13—hydrozine peroxide tankers; 14—vertical control; 15— 
exhaust orifice ; 16—fiftyone motors including 12 mounted on gimbals 
controlling the rocket flight; 17—parachutists compartment; 18— 
horizontal control; 19—hydrogen peroxide for turbine pumps; 20— 
landing flap; 21—rudder; and 22—aileron. 


MILYTARY SIGNIFICANCE OF THE SATELLITE 209 


the vessel’s velocity to 23,113 kilometres‘hour in the next 124 
seconds. Lift is 67 kilometres. Besides, the motors of the 
second stage expend fuel and the second motor drops off like 
the first. 

The third stage, which is outwardly reminiscent of an 
aeroplane, will continue flight, subject to a thrust of 220 tons 
generated by four motors. It carries the crew and the load. 
In 84 seconds, it attains an approximate velocity of 30,000 
kilometres/hour and a level flight at an altitude of 103 
kilometres. 

There is still enough fuel in motors for the continuation of 
flight, but they are shut-down -under the effect of automatic 
integrating accelerometer which measures the rocket velocity. 
Since the velocity of 30,000 kilometres/hour is higher than the 
characteristic velocity for an altitude of 103 kilometres, the 
rocket recedes from the earth. The centrifugal force, directed 
at right angles to the flight, exceeds slightly the effect of 
gravity, and the rocket acquires an elliptical orbit along which 
it goes on moving farther aad farther away into the cosmos in 
accordance with the laws of celestial mechanics. 

After the rocket has gone through half the course round 
the earth, it reaches the apogee, the highest point of the orbit, 
at an altitude of 1,730 kilometres. The velocity of the vessel falls 
from 30,000 kilometres to 24,000 kilometres/hour during this lift 
with shut-down engines, which goes on for 51 minutes. This velo- 
city for apogee will be somewhat less than the requisite velocity 
for motion at the height attained. In order that the rocket 
stayed at apogee, its velocity must be brought to 25.5 thousand 
kilometres/hour. Thus, the rocket engines are again cut in and 
operated sufficiently long, so as to make it possible to develop 
the deficient velocity of 1,500 kilometres/hour. 

Now, the rocket will revolve round the earth at an 
altitude of 1,730 kilometres with a velocity of 25.5 thousand 
kilometres/hour, z.e., a little more than 7 kilometres/sec. The 
rocket will fly round the globe in two hours, during which, as 
we already know, no energy is required to be expended. 

The orbital plane must be so selected that its most northern 
point passes through the north polar disc and the most southern 
point through the south polar disc. In that case, owing to 
the diurnal rotation of the earth about its own axis, the 
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rocket will fly past all the latitudes of the earth, in addition to 
the polar regions during the course of aday. The net load of 
the rocket in question can reach 36 tons—a load equivalent to 
the load lifted by two modern bombers. During any indepen- 
dent flight at the orbit, these 36 tons can be discharged there 
and will circulate in space inertially. As aresult of this, the 
third stage of the rocket will force its decelerating engines to 
operate and return to the atmosphere. Here it can perform 
the usual descent while utilizing the wings and the rear fin 
attached to it, just as it happens in the case of an aeroplane. 
The first two stages of the jet engines will, after their fuel has 


Fig. 72. The probable interplanetary satellite station of Verner Von 
Braun 


been used up, descent on the ocean by parachutes made of wire 
gauze for durability and fire proofing. The empty systems of 
fucl tanks keep these engines afloat until they ‘are recovered 
and hauled in the pre-planned position. Consequently, any 
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rocket can be remounted, provided with fuel and launched 
again. 

A small number of such orbital rockets can deliver sufficient 
quantity of material and components at the pre-selected orbit 
in order to construct there a fixed space station. According to 
Braun’s design, the space station represents a wheel-shaped 
three-deck structure having a diameter of 80 metres divided 
into sections (Fig. 72). 

Since the people on a space ship or at a space station will 
be in a state of weightlessness, it is suggested to produce at 
the station an artificial force of gravity by making use of the 
centrifugal force. If the station were driven into rotary 
motion by a rocket motor at the rate of one revolution per 22 
seconds, the people living there will be subjected to a 
centrifugal force equalling the earth’s pull. 

It is proposed to assemble such a station from segments 
made of nylon plastic reinforced with metal. The members of 
the crew, who will instal the space station, must be clad in 
‘special costumes providing for operations in vacuum. The 
suits are provided with miniature jet motors and control tabs 


Fig. 73. A military space station of the satellite after 
A. V. Kliver 


operating in the gas flow of this motor for the movement of 
people under conditions of imponderability. All members of 
the crew will be fastened to the station by a fairly long clastie 
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rope. It is assumed that there are special] sluices at the station 
for the entry and exit of people from the interlor compartments 
having normal air pressure into vacuumatic space. Jest the 
space station be damaged by rockets coming from the earth, 


Fortress in the sky 


Fig. 74. 


extension hawsers are provided. A natural system of air- 
conditioning and a device for the control of temperature inside 
the interior compartments of the station are also provided. 
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Furthermore, the station is equipped with light and radio 
beacons. <A crew consisting of two hundred to three hundred 
persons can be disposed at such a station. 

The design of Braun’s space station is neither a unique one 
nor the only station designed so far. Fig. 73 depicts a wheel- 
shaped station suggested by A. V. Kliver, a member of the 
British Interplanetary Society. As distinct from Braun’s 
design, it has a transformer paraboloid of solar energy into 
electrical, hawser for reception of approaching rockets and an 
antenna for connection with the earth. Some scientists repre- 
sent such stations not in the form of a wheel but as a ball with 
an extended axis, at the one end of which is disposed the solar 
power plant and at the other the teletransmitter. Such a 
station (Fig. 74) has similarly an air sluice, astronomical obser- 
vatory, search radar, recciver for entrapping cosmic rays, etc. 

This station’, which is intended for launching and operating 
of station in space. must have, in the opinion of the author, an 
atomic plant. A chief drawback of the atomic plant is that 
the crew has to be protected from the harmful radiations of 
the reactor and the huge surplus of heat generated by the 
reactor. As in Braun’s project, so also here the station is 
erected in space at the orbit. The only difference is that, in 
addition to the goods delivered by rockets at the orbit, it alse 
utilizes the rocket components, which are dismantled at the 
orbit and introduced as organic components In the construction 
of the space station. The rocket by means of which this project 
can be carried out was shown in Fig. 36. 

Several authors have indicated various periods for the 
construction of space stations. Some believe that a few decades 
will pass before the project of such a station could be accom- 
plished, while others feel that it can be set up within a decade, 
provided there is sufficiently strong voltage. 

According to some scientists, reconnaissance and observation 
will be the first possible applications of space stations for 
military purposes. For this purpose, it is planned to make use 
of a powerful reflector telescope similar to the one installed on 
Mount Wilson, one of the famous observatories of the U.S.A. 


1, For description, see F. Tisley’s article “Fortress in the Sky” in the 
Journal Mechanics Illustrated, No. 6, 1949. 
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This telescope will ‘‘navigate” freely within an approximate 
range of 100 metres from the controlling station in the corres- 
ponding orbit. ; 

The photographs are automatically obtained by cameras 
made use of in air reconnaissance. The apparatus can be aimed 
at the objects by means of inertial fiy-wheel masses attached 
to the telescope and radio-controlled from the station. The 
visual field of the camera is examined inside the station by 
means of television screen and the camera shutter controlled by 
radio. Automatic photographic development is provided for. 
A 254 cm. telescope at a distance of 1,730 kilometres will be 
able to distinvuish objects more thun Q°£ metre in size. It 
corresponds to the power of an unaided eye at a distance of 1°5 
kilometres approximately. 

Some specialists also believe that a space station can be 
utilized as a platform for launching war rockets. With the 
help of such rockets bombardment can be carried out. If a 
winged rocket carrying an atomic charge is launched back from 
the station so that its velocity decreases to 1.722 kilometres 
hour in comparison with the station's velocity, it approaches 
the earth in the form of an elliptical trajectory under the action 
of gravity. After the guided missile has entered the atmos- 
phere, the automatic barometric altimeter turns the flaps round 
and imparts a negative angle of attack to the wings. Subse- 
quently, its speed is slowed down as a result of air-resistance. 
Finally, the missile crossas into the supersonic ship with a 
positive angle of attack, and in this manner reaches the earth’s 
surface. 

In spite of its deceleration, the missile will move round the 
earth witha large angular velocity than the station, and if we 
examine it from the station downward, we can see it overtaking 
the station. If there is a second orbital station, located ahead 
of the primary station, at a distance of 3,862 kilometres, the 
missile will be throughout the supersonic slip in the atmosphere 
exactly in the observational range of the second station. The 
target will also enter the range of its observation a little later. 

The second station can follow the missile by means of a. 
radar and also guide its course by means of radio. The target 
will appear in the visual field of this station for several minutes 
till the missile reaches its destination at the earth or in the 
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ocean. Thus, the course leading to the target can be axcertain- 
ed by the optical method or by means of a seeond radar. 

Computers resembling those used for anti-aircraft missiles 
will ensure such missile control throughout, by means of which 
it will drive towards the pre-determined military target with 
the maximum precision possible, guarantecing its route during 
blast. 

The data published in foreign press show that researeh on 
the construction of space rockets, artiicial satellites of the earth 
and space stations of military importance is in| progress in the 
countrics of the North Atlantic alliance, particularly the U.S.A. 
Al’ research on the design of the earth's satellite is carried out 
in the U.S.A. under the direction of the Ministry of Defence. 
Simultaneously. a majority Gf specialists are working on long- 
range military rockets, including the intercontinental ones. In 
the vear 1949, vhe Defence Minister of the U.S. Government 
declared that his ministry was working on the erection of a 
space station which would revolve round the earth as a minia- 
ture moon and serve as a military base in space. 

Researches on the construction of artificial satellites of the 
earth and intercontinental missiles in the U.S.A. are being 
carried out intensively, but the scientific data about the pro- 
gress of this research testify to the fact that the U.S.A. is lagg- 
ing behind the Soviet Union in attainments. 

The United Press Agency communicated on December 2, 
1957, that ‘“Dr. Verner Von Braun, the creator of German rockets 
“V-2,” has put forward the charge that American leaders don’t 
have the requisite imagination to carry through the programme 
of constructing rocket missiles. He told that during the last 
5 years he and other scientists had insisted that the U.S.A. 
should set about the task of improving upon the “truly big 
rocket motor,’ but they failed to attract the attention of 
authorities about this vital problem.”’ 

Von Braun said in an interview with Jim Lucas, a represen- 
tative of the concern Skripps Howard, published in the news- 
paper ‘“‘New York World Telegram and Sun,” that the fact of our 
calling the intercontinental ballistic rocket as the “absolute 
weapon” still serves as an indication of the mode of our thin- 
king. ‘As a matter of fact we are setting the limit.” The 
intercontinental ballistic rocket is ‘‘only the beginning,” declared 
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Von Braun. But the leaders of the US.A. “simply do not 
understand what we tell them.’’ They wish to perfect the inter- 
continental ballistic rocket before thinking of anything cruder. 

Von Braun, a naturalized American citizen, heads a group of 
scientists working on rocket shells of the U.S. Army. He also 
said: ‘‘The launching of the American artificial satellite of the 
earth by means of Army rocket ‘“‘Jupiter-C”’ will require a re- 
arrangement of instruments inside the satellite having a diameter 
of 20 inches, and therefore the launching will probably be 
carried out only for 90 days. It will require at least 5 years to 
match the Russians in the field of long range rocket missiles 
and cosmic shells, as also sacrifices ‘‘hitherto not made by us.”’ 

Von Braun said that scientists have known it. for quite some 
years that Russia is producing a rocket motor much bigger than 
designed in the U.S.A., and constructing still bigger motors. 
Nevertheless, the scientists had to face the question: ‘‘why is 
it necessary ?’’ whenever they suggested that the U.S.A. should 
think of having more powerful motors. 

‘Russians act differently,” said he. “They plan 25 years 
in advance. We are proceeding spasmodically. We need a 
programme and a resolve to carry it through.’ He told that 
subsequent to the launching of two Russian satellites it was said 
that money is not the problem, ‘‘but time lost cannot be made 
up by money.” 

Von Braun declared that he did not think that Russia was 
necessarily five years ahead in its rocket programme. Neverthe- 
less, the Soviet Union is moving ceaselessly ahead and gaining 
new ground. In order to match the Russian tempo, the U.S.A. 
will require at least five years of concentrated effort. 

Von Braun admitted that he also had erred once in his 
appraisal of Russian attainments in the realm of rocket missiles. 
He said that approximately two years ago he happened to con- 
verse with a group of Germans who had returned from Russia. 
He told : “I concluded on the basis of accounts given by them 
that Russians have foolishly utilized the services of German 
specialists whom they had captured at the conclusion of Second 
World War. I too formed the impression that they were guid- 
ing their rocket programme poorly and were not creating sub- 
stantially anything which could raise alarm.”’ 


Von Braun added that Germans who were captured “were 
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isolated effectively from the real Soviet rocket programme... 
Isolation was to such an extent that they did not even know 
about the existence of this programme.”’ 


3. Vulnerability of military space station 


The setting up of a space station involves huge expenditure. 
Accordingly, some specialists (including military) consider works 
in this field on such a vast scale as inopportune. There are 
also persons who raise doubts about the vulnerability of the 
space station. They ask : could such expenses not be reduced 
very much by adopting counter measures against the enemy ? 
To what extent will the ‘Fortress in the Sky’’ prove capable 
of resisting the operations of the enemy ? 

While examining the question of the vulnerability of the 
space station, specialists think that there are two ways of 
attacking it. One of these presupposes the upward launching 
of the rocket which, on going out to the station’s orbit, releases 
a charge resembling shrapnel. The impact rate of individual 
elements of this charge with the space station will be more than 
25,000 kilometres hour, because the station moves with this 
velocity. Consequent on cosmic velocity, the impacts of in- 
dividuai elements of the charge will produce large breakdowns 
at the station. It is, however, considered possible to combat 
the resulting rifts, to some extent, by means of defensive 
technique similar to the one adopted in aviation fuel tanks, and 
also by dividing the station into compartments. 

Specialists have noted that an error of one second in calcu- 
lating the interception time will result in an error of about 5°0 
kilometres in distance owing to the large velocity of the station. 
Besides, even the atomic intercepting missile will be relatively 
less effective, as the waves caused by the atomic blast will not 
arise in vacuum, although there will be an intense luminous 
action. 

The utilization of a manned rocket vessel provided with 
rocket artillery seems to be the other mode of attack. In this 
case, the impact will bear the semblance of an air combat, but 
he who delivers the first blow will alone come out victorious in 
the cosmos. 

In view of the huge risk to which the station will be ex- 
posed in the event of an attack, specialists are busy finding 
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ways for the construction of cosmic vessels and the station. 
Braun has written, for instance, that if we construct our terres- 
trial assembly and build the artificial sputnik having ‘‘cosmos- 
earth” missiles ready to operate, it could be possible for us to. 
withstand all attempts of the enemy to attack our fortress in 
space. 

As has already been said, there are conflicting views as 
regards the vulnerability of the space station and, consequently, 
the expediency of constructing an interplanetary military 
station. Recalling the huge expenditure of 4.000 million dollars 
required to construct the sputnik, L. Thomas!, Professor of 
Physics at the University of Columbia and a member of the 
guiding staff of the Scientife Computation Laboratory, Watson, 
expresses doubts about its ability to withstand the enemy’s 
attacks. He admits that striking the station by means of a 
two or three-stage rocket will be extremely difficult. The area 
of target is approximately 10,000 sq. ft., and to hit it will re- 
quire a precision which is almost impracticable to attain. How- 
ever, in Thomas’s view, the station is extremely vulnerable 
during the impacts of small particles moving with an orbital 
velocity at the same height. Consequently, a rocket, which 
wil] have a small dimension, a cap stuffed with small particles 
and an insignificant charge for its blast, can be constructed. 

The author recommends this rocket for setting in the orbit 
of the sputnik, but in an opposite direction. The rocket must 
be recovered the moment it is at a distance of half the orbit’s 
circuit from the sputnik. The cloud of striking particles formed 
as a result of the blast will collect every two hours near the 
point of the blast (which is the period of the revolution of the 
sputnik at the altitude of the orbit), although the changes in 
velocity will scatter the charge all over the orbit. If the ex- 
plosive charge is selected in such a way that the maximum 
scattering of the striking particles corresponds to the maximum 
deflection of the missile from the target say, for instance, 1°5. 
kilometres at a distance of 24,000 kilometres, and if only one 
particle out of a million hits the station while it passes through 
this cloud, then the particles are scattered in an area of nearly 
24 million square metres. But the particles will have to go 


1, See article “Vulnerability of Artificial Sputniks,” published in the 
Journal Jet Propulsion, No. 5, 1954. 
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through the cloud over and over again. In other words, an 
encounter with the striking particles would take place at first 
hourly, and thereafter throughout, whereupon the station could 
be hit every time by one striking particle out of a million. 
This particle would have a speed of encounter with the station 
corresponding to double the orbital velocity, #.e., 14,000 
metres sec. If it weighed O-4 milligram, it would have an 
energy of £5 kilograms/metre, which would suftice ts kill a 
man. The striking particle would be nearly O'-4 millimetre in 
size and could pierce a steel plate of a thickness of 2°5 milli- 
metres at the speeds mentioned above. 

lf the charge of the striking particles is 1°, that of the 
station, we can expect neaily 7,000 impacts in an hour. The 
expenditure involved on the realization of such a counter 
measure will be less than 1 million dollar. Nothing surprising, 
that, under these conditions, the author doubts the expediency 
of expending huge amounts on the building up of a military 
interplanetary station. 

To conclude, the construction of cosmic vessels and space 
stations requires huge preliminary work, co-operation among a 
number of scientific research institutions and laboratories, and 
even the development of the various branches of industry. In 
spite of these <lifficulties, it is possible to construct them with 
the help of modern scientific and technological developments in 
as short a period as possible. 

As for the utility of the cosmic vessel and the space station, 
they can be utilized for purposes of reconnaissance and obser- 
vation, as also against ground targets by the application of 
nuclear charges. Surely, the presence of such powerful means of 
warfare will present serious danger to all countries. But a simi- 
lar “‘sky fortress’’ can never be considered inaccessible. Simul- 
taneously, its construction will produce effective means to meet 
this danger. Obviously, under no circumstances can space 
ships and interplanetary stations be looked upon as_ the 
absolute means to crush the enemy and decide the issue of war. 

We have already seen that even the first unmanned satellites 
can be utilized for photographing isolated areas or objects, for 
defining the terrestrial distances more accurately, for correcting 
charts and maps, and for long-range missile guidance at the 
target. Already, some important associations in the U.S.A. 
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have undertaken the production of intercontinental guided 
missiles through a programme of satellite construction. It ‘is 
believed that the production of a satellite of this type is 
essential for the accomplishment of missiles. Thus, for instance, 
it is said that ‘‘work which is being carried out in the U.S.A. 
in the field of producing the satellite and the rocket capable of 
flying round the moon and returning to earth will furnish 
sufficient theoretical and experimental material for the project- 
ing of guidance systems for intercontinental ballistic missiles.’’* 

What is this intercontinental ballistic rocket ? It is sup- 
posed to be an earth-controlled unwinged rocket with a liquid 
jet engine and capable of flying across from the launching pad 
to the target at a distance of several thousand kilometres. Its 
frame looks like a cylinder with a tapered stream-lined head- 
part. Inside the frame are arranged the combat charge— 
atomic or thermo—nuclear detonating explosives, guidance 
systems, tanks containing fuel and oxidizer and the powerful 
liquid jet engines. The higher the lethal range, the larger will be 
the dimension and the launching weight of the ballistic rocket. 

The multi-stage rockets, whose idea was given at the 
beginning of this century by K. E. Tsiolkovski, are constructed 
for firing at several thousand kilometres. After the erosion of 
fuel in the first stage, it is automatically detached from the 
rocket. At this moment, the engines of the second stage begin 
to operate and the rocket continues to move with great accelera- 
tion. The idea of multi-stage rocket has now been realized in 
the production of the Soviet super-range rocket. It is possible 
to achieve huge speeds in flight and, consequently, firing ranges 
also by installing on the rocket large powerful motors and uti- 
lizing fuel of a high calorific value. 

The intercontinental ballistic rocket is launched vertically 
from a small launching platform. For the first few seconds, 
the rocket whirls upward, and thereafter on overcoming the 
dense atmospheric layers, the guidance system tilts the rocket 
smoothly towards the target and shuts down the engine after 
the pre-selected velocity has been attained. Having circums- 
cribed an unusual arc at a height of 1,000 kilometres, the 
intercontinental rocket swoops down on the target with a 


1, 


See U.S. Journal American Aviation, October 22, 1956. 
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terrific speed. The rate of flight can also reach 20,000-25,000 
kilometres/hour. 

It should be emphasized that the fundamental portion of 
the trajectory of the rocket flight passes through vacuum at 
very great altitudes, which are of the order of thousand kilo- 
metres above the ground and where air-resistance is negligible. 
The atmospheric covering of the earth begins to brake the 
motion of the rocket abruptly, as it starts to descend in the 
direction of the target. Its frame also gets strongly heated 
owing to friction with air. Thus, the external case of the 
rocket is manufactured of highly heat-resisting material. 

Due to the high rate of flight, the intercontinental rocket 
can produce an unexpected impinge. Another intrinsic quality 
of the rocket is its high precision. According to the published 
data and on the basis of theoretical computations, it can be 
supposed that its probable failure does not go out of the range 
of 10-20 kilometres. Such an accuracy ensures the hitting of 
any target by equipping the rocket with a thermonuclear 
charge. Finally, it should be noted that the firing platforms of 
the intercontinental rockets are very small, easily fitted out at 
any site and can be easily camouflaged. All that has been said 
lends to the super-range rockets a terrible fighting power. 

It is held that, today, a super-operational range rocket 
could be launched to any part of the world.1 This means that 
an aggressor, wherever he may be, cannot count on the invulner- 
ability of his territory in regard to powerful counter blows. 
The Soviet Union has already launched a super-range ballistic 
rocket. Today, its Armed Forces have rockets of three types : 
long-range rockets, medium-range rockets and short-combat 
rockets. 

The attempt to organize bases in Europe and other parts of 
the world, or to equip various countries with atomic weapons is 
based on a purely wrong assumption, for it completely ignores 
the reality of the situation. It is wrong to think that, in the event 
of a war breaking out in Europe or Asia, any country will have 
an escape behind the ocean as before and escape the 
shattering blow. These are too naive calculations. Similarly, 
it is foolish to assume that the remotness of any country will 


1, See Tass, August 27, 1957. 
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save her from military blows if a world war breaks out. 
Today, in the era of jet technique and atomic energy, large 
distances do not play a decisive role. That which was 
unattainable before is now completely within reach. The 
modern means of aerial attack, possessing huge speeds and 
large effective range, are capable of inflicting blows on military 
targets at any point of the globe. The means of transpotation 
of the most destructive arms, as for example, the hydrogen 
weapons, are such that they could be delivered in no time in the 
remotest corner of the earth by means of intercontinental 
ballistic rockets. 

The crux of the matter is that, today, there is not a corner 
on the earth where any one could hide himself. He is open to 
shattering blows wherever he be, openly or in hiding. Thus, the 
holding out of threats of blockading one country or the other by 
‘setting up military bases around it is of no consequence. It 
must not be overlooked that modern military technique has 
made it possible to shell all centres by means of submarines 
and ballistic rockets and to blockade the ports. Hence, each 
country is vulnerable with modern development of military 
‘technique. Obviously, such a militant atitude onthe part of 
one country compels the other to adopt powerful means of 
‘defence against attack, as also to manufacture atomic and 
hydrogen weapons for inflicting crushing counter-blows on the 
aggressor. 

It has been mentioned in foreign press that in military 
operations in the upper atmospheric layers, an artificial satellite 
of the earth can be used as an instrument of new fighting 
technique and as a means of attack and defence against inter- 
‘continental missiles. 

Furthermore, it has also been said that at present effective 
means have not been developed, which could counteract the 
intercontinental war rockets, by means of which it is sup- 
posed to convey nuclear charges to a distance of 8,000-16,000 
kilometres at an altitude exceeding 1,200 kilometres with 
a velocity of 6.7 kilometres/sec. or 21,000 kilometres‘hour and 
above. The artificial sputniks of the earth and space stations 
can be widely employed as outlying cosmic points of future 
means of anti-aircraft defence for combat with intercontinental 
missiles. However, the artificial earth’s satellites, even of the 
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stationary type, could never guarantee by themselves a military 
victory, the more so decide the outcome of war. 

In fact, to speak truly, military technique, even the most 
effective one, cannot ensure victory. Indeed, the future wars 
will be decided by people possessing a perfect battle technique 
believing in the righteousness of their cause, devoted to their 
government and always prepared to defend the interests of the 
nation. It holds completely good in the case of the artificial 
earth satellites also being utilized for military purposes. 
Thus, with modern development of military technique, any 
attempt on the part of one country or the other to let loose a 
world war would only lead to incredibly huge destruction and 
loss, an application of atomic and hydrogen weapons and 


ballistic rockets, bringing about unparalleled catastrophe for 
the whole of humanity. 


CHAPTER X 
CONCLUSION 


Let us sum up what we have discussed in the preceding 
pages. The researches in the field of appropriation of the 
cosmos began, as early as the end of the last century, with the 
great Russian scientist, K. E. Tsiolkovski. For the first time, 
he demonstrated, though theoretically, the possibility of 
accomplishing flights in space with the help of a rocket engine 
capable of operating both in atmosphere and vacuum. 
Investigations in this field were primarily of a theoretical 
nature till the thirties of the present century. Then followed 
the first attempts towards a practical realization of high altitude 
rockets, which were later employed by tne Germans during 
World War II in the form of rocket ‘““V-2.”’ During the post- 
war years, as a result of researches and the production of a large 
number of various types of rocket engines, rocket fuel and 
discrete instruments, and development of automatic guidance 
systems and computers, it became possible to produce and 
launch the first artificial earth’s satellite in the U.S. S. R. 

If it was said earlier that red stars adorned the towers of 
Kremlin, then, now, new stars—the first Soviet artificial earth’s 
satellites—have been produced and launched by the efforts of 
the Soviet people. These sputniks are the messengers of pro- 
gress, proclaiming the triumph of Soviet science and technology. 
Indeed, in the opinion of such academicians, as for example, 
L. Sedov, the creation of modern Soviet rockets for the Jaunch- 
ing of artificial sputniks is a magnificent, organized construc- 
tional and scientific achievement of our time, based on minute 
theoretical and practical investigations, precise calculations and 
daring experiments. 
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That the first decisions regarding the planning and selec- 
tion of the launching system of the artificial satellite proved 
correct assumed special significance. Efforts were made towards 
a solution of the fundamental problems connected with the 
first stage of the construction of cosmic aircraft. Consequently, 
all preliminary work was carried out elaborately. Individual 
components were tested, studied and checked up. The system 
of launching was analysed at considerable length. The result of 
these efforts was that, in the Soviet Union during the year 1957, 
there was no failure in launching the artificial satellites of the 
earth. Only two attempts were made and they were successful. 

Failures can come while resolving new and complicated 
technical problems. Indeed, nobody can always be sure of 
unqualified success. In December 1957 and January J958, the 
Soviet Union witnessed the difficulties which the U.S. A. had 
to face in launching the artificial satellite. This emphasizes 
the complexity of the problem. 

Sputniks are greatly significant for the development of 
science. Besides, they are the first step in the cosmos, pointing 
to the solution of a number of intricate problems bearing on 
interplanetary communications and on the physical constitution 
of the cosmos, its geophysics, meteorology, geography and 
astronomy, radio-communication, television, etc. After these 
investigations have been carried out, it will be possible to go 
over to the next phase of the appropriation of the cosmos, 
namely, the creation of manned space rockets, artificial satellites 
and interplanetary stations. They will help to fulfil the long- 
cherished dreams of mankind to gain knowledge about our 
nearest space neighbours, followed by a study of the entire 
solar system. Indeed, the production of sputniks is rightly 
looked upon as the greatest achievement of the present era. 

But the difficulties which have to be got over are also great. 
Even the construction of the first unmanned satellites brought 
face to face a number of most intricate problems hitherto 
unknown to science. Suffice it to say that the biological: and 
physiological questions connected with space flight of living 
creatures and human beings require the undertaking of extensive 
experiments in terrestrial conditions and beyond the earthly 
atmosphere. Just to overcome the earth’s pull, tremendous 
speeds, hitherto unknown, have to be produced. - | 
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This is not the end of our difficulties. Colossal distances to 
be overcome by space ships and the huge quantity of energy 
required make the problem in regard to the weight of the rocket 
or the satellite components extremely complicated. Then, too 
much air-resistance encountered in overcoming the atmospheric 
covering can produce very high temperatures in the rocket. 
Obviously, this compels us to look for materials which have 
extraordinarily stable heat-resisting quality. At present, these 
conditions of temperature limit the speed of the rocket, which 
depends on an increase in the rate of the escape of gases from 
the motor nozzle. 

The question of the safety of the rocket or the sputnik with 
the source of energy required for operating the instruments has 
equally great significance. The idea of utilizing solar energy 
for this purpose, which is transformed into electrical energy by 
means of semi-conductor devices, unravels grand possibilities in 
this direction. Nevertheless, this question has been studied 
little so far. 

The problems of communications, too, are no less important. 
Although considerable achievements have already been made in 
this field, yet they cannot be treated as final solutions in any 
respect, . 

It is thus clear how important is the possibility of guiding a 
rocket or sputnik in flight. Well, the carrying out of observa- 
tions by their help, the transmission to earth of the results of 
observations, the establishment of connections with the earth, 
the task of photographing, and all else could be ensured only 
when the sputnik is capable of maintaining in flight a well- 
defined stabilized position. 

The scientists of the whole world realize that it will be much 
easier to solve such complex problems if international scientific 
and technical collaboration could be mobilized on a large scale. 
With this object in view has been formed the International 
Astronautical Federation consisting of ten member countries, 
and at the annual conferences valuable ideas regarding achieve- 
ments in the most diverse fields take place. 

The Soviet scientists, too, are actively engaged in the con- 
struction of new types of sputniks, thereby promoting exclusi- 
vely peaceful ends, which were precisely and clearly set forth 
by Academician I. P. Bardin, Vice-President of the committee 
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‘set up to celebrate the International Geophysical Year, in his 
address at the Seventh International Congress of Astronauts 
held in Rome in October 1956. 

The discovery of atomic energy, the development of jet 
aviation, radar and electronics and semi-conductor techniques, 
the creation of new heat-resisting materials, and the progress in 
the field of aviation medicine—all these have greatly helped in 
understanding new and technical problems connected with 
interplanetary communications. In this task, the various 
-sc‘entific and research organizations of the Academy of Sciences 
as well as ministries are working together. The Soviet scientists, 
technologists and industrialists are confident that they would 
be able to solve the problem of interplanetary communications 
successfully and in no distant future. 

Mr. V. I. Lenin, while speaking of the future socialistic 
construction at the third All-Russian Congress of Soviet, said : 
*‘Heretofore, human intellect and genius created only to benefit 
themselves exclusively by technology and culture, depriving 
others of the most essential education and development. Now, 
all marvels of technology and cultural achievements will embrace 
the general people, and henceforth human intellect and genius 
will never be directed for coercive means, or for purposes of 
-exploitation.” 

The Soviet people extol their scientists, who are devoting 
their energy and knowledge and utilizing scientific and cultural 
achievements for the welfare of the workers. Their outstanding 
successes ensure @ maximum development of creative activities 
for the promotion of peace and progress all over the world. 
‘The workers of the countries following a socialistic pattern of 
life, as well as the progressive people in all other countries, look 
upon these achievements with pride and confidence. 

Now cosmonsutics, 2.e., the science of interplanetary com- 
munications, is coming up. Until recently, it was looked upon 
as an abstract game of the mind, int>resting and attractive, 
but completely unpractical. Now, for the first time, it is gaining 
a real basis. The Soviet artificial sputniks of the earth revealed 
the incomparable powers of human mind and intellect. Efforts 
for calculating the most favourable trajectories of flights to the 
moon and planets involving a minimum expenditure of energy, 
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besides what is required for breaking off from the earth, are 
already in progress. 

Naturally, the possibility of achieving the mastery of cosmic 
expanse has filled people with a feeling of wonder and curiosity. 
This is evident from a large number of letters received daily at. 
the office of the Commission on Interplanetary Communications,, 
attached to the Presidium of the Academy of Sciences, 
U.S. 8. R., from people wishing to participate actively in 
solving the problems of astronautics, so as to achieve the maxi- 
mum results towards gaining knowledge of the unknown forces 
of nature. Already, astronautical groups and associations have. 
been organized in Moscow and other towns of the Soviet Union, 
whose aim is to study and understand the various problems. 
concerning astronautics. Active work in this field is also being 
carried out by the society of astronauts of the Central Aviation 
Club of the U.S.S.R., named after V. P. Chkalov, who is 
connected with astronautical societies formed in more than 
twenty countries of the world. 

Soviet youth, too, are evincing a keen interest in the study 
of the science of astronautics. Most of them are imbued with 
the idea of gaining the mastery over the cosmos, to which Con- 
stantian Edwardovich Tsiolkovski, the father of astronautics, 
devoted all his time and energy. Weare now looking forward to 
the launching of the first interplanetary space vessel, which will 
complete its flight to the moon and return to earth successfully, 
thereby fulfilling man’s earnest desire to be the master of the 
universe. 


APPENDIX I 
PROBLEM OF CONSTRUCTING A SATELLITE 


By 
Academician A. N. Nesmeyanov, President of the Academy of 
Sciences, U.S.S.R. 
(Taken from Pravda, June 1, 1957) 


Science and ‘technology have made remarkable progress during 
the last decade. The discovery of atomic energy and the possibility of its 
utilization, advances in rocket technique, jet aviation, radar and electronics, 
to mention only a few developments, have made possible the solution of a 
number of scientific and technical problems connected with interplanetary 
communications. 

The question of sending a space ship beyond the limits of the terres- 
trial atmosphere was resolved, though, of course, theoretically by our great 
compatriot, K. E. Tsiolkovski, as early as the beginning of the twentieth 
century. According to him, the means of such a journey could only be a 
rocket—an aircraft driven into motion by means of a jet engine generating 
athrust at the ejection of a jet of incandescent gases. It was further 
pointed out by him that the construction of an artificial satellite of the 
earth would be the first and an indispensable stage on the way to space 
flights. However, great technical difficulties were met in achieving the first 
cosmic flight, and large numbers of scientists and engineers had to work 
hard for a number of years in overcoming them. 

What were these difficulties ? Well, they were several. In the first 
instance, there was need to produce a powerful engine capable of operating 
reliably for a fairly long time under extremely tense thermal conditions. It 
was also essential to produce such a design of the rocket which could be 
light and stand heavy loads during flight. Besides, the parameters of the 
rocket design, the engine and fuel were to be of such a type that the rocket 
attained a minimum speed of 8 kilometres/sec. It was possible to produce 
an artificial satellite of the earth only on achieving such a speed, thereby 
taking the first step towards the conquest of space. 

Furthermore, it was necessary to work out the optimum modes of the 
motion of the rocket, which could guarantee the outward track of the 
sputnik at orbits several hundred kilometres high. Also, in order to make 
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sure of the schedule of the pre-determined motion of the rocket and the ex- 
trication of the sputnik to the pre-determined orbit, it became imperative to 
evolve and produce an extremely precise system of automatic rocket control, 
which could operate satisfactorily under complicated conditions of flight. 

The technical difficulties which cropped up in solving this problem 
could, at times, be overcome only by carrying out an unexpectedly large 
amount of scientific work. Researches on supersonic aerodynamics and 
radio remote control, investigations on the dynamics of the _ rocket 
motion and automatic control, and the search for new, light, durable and 
heat-resisting materials and new types of highly calorific fuels, etc., had to 
be undertaken, because they formed the basis on which alone could be con- 
structed a rocket for solving the problem of an artificial satellite of the earth 
and achieving space flight. 

The creation of an artificial sputnik outfitted with scientific apparatus 
also appeared to be a prcblem, the solution of which became possible 
only through an application of the latest scientific and technical achieve- 
ments in the most varied fields. It became necessary to explore the light 
sources of energy as well as to evolve communication and telemetring 
equipment and automatic and remote-controlled apparatus, which could 
function satisfactorily in spatial conditions for a long time. 

Rockets and all essential equipment and apparatus, which have helped 
to solve the problem of the artificial sputnik of the earth for purposes of 
scientific research, were produced as a result of the investigations of the 
Soviet scientists and engineers working over a number of years. Their 
labours continue even now. 

The first Soviet artificial sputnik will move up to a comparatively 
little distance from the earth’s surface, say, a few hundred kilometres. 
Nevertheless, it will enable us to carry out scientific investigations of the 
various phenomena taking place in the upper layers of the atmosphere. 

It is well known that a significant role is played by ionosphere in re- 
lation to various physical questions pertaining to the upper layers of the 
atmosphere. It is in the ionosphere that many phenomena occurring in the 
upper atmosphere have their origin. The scientists also need to have data 
for an elucidation of the nature of corpuscular solar radiation and other 
phenomena. We are still discussing many questions relating to the role 
played by the ultraviolet and other rays of the sun similar to x-rays, and the 
formation of cosmic radiation in the ionosphere. We have no knowledge 
about the structure of the atmosphere at great altitude or its temperature, 
pressure or density. All this infor mation is essential not only for scientists 
but also for engineers in order to calculate the motion of the aircraft at 
high altitudes. 

In the light of the investigations made primarily in the field of rockets, 
it became evident how inadequate our knowledge is in regard to the physics 
of the ionosphere. These investigations showed how essential it was to 
adopt new methods for the study of the upper layers of the atmosphere, 
both from theoretical and experimental points of view. 

Interesting hypotheses have been advanced regarding the origin of the 
cosmic rays, polar aurorae and other phenomena occurring in the upper 
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layers of the atmosphere with the help of magneto-hydrodynamics, a new 
brarch of theoretical physics. Nevertheless, the theory regarding the 
formation of the ionosphere has not yet been finalized. 

The launching of high altitude rockets help to measure directly some 
parameters of the atmosphere, thereby unfolding great possibilities. We, 
in the U.S.S.R., have carried out the measurement of electrons in the 
ionosphere and also of pressure and density of the atmosphere by means of 
such firings. These measurements have furnished interesting factual 
material. However, their intrinsic shortcoming lies in their temporary 
character. Hence, the necessity is felt of cultivating method of scientific 
investigation, which will enable us to conduct experiments in the upper 
layers of the atmosphere for a long time. The production of the artificial 
sputnik of the earth has filled the gap. During the International Geophysi- 
cal Year, it is proposed to launch several such sputniks in the U.S.S.R. and 
also in the U.S.A., thereby carrying out an extensive programme of 
scientific investigations. 

The study of primary cosmic radiation is of basic importance in these 
investigations. Jt is known that primary cosmic radiation fundamentally 
consists of nuclsii of hydrogen and helium, such as protons and L-particles, 
and ina considerably smaller quantity of heavier nucleii like carbon, 
nitrogen, oxygen, etc. One of the disputed characteristics of primary 
cosmic radiation is the resemblance between the curve of mean propagation 
of the elements in the universe and the distribution curve of charges along 
the primary component of cosmic radiation. Such elements as lithium, 
beryllium and boron are rare in nature, and the question regarding the 
amounts of these nucleii in the composition of primary cosmic radiation 
has not yet been solved experimentally. In this context, the study of the 
properties of primary cosmic radiation can shed light on the period of the 
straying of cosmic particles in space and the passage of the cosmic rays. 

The variations in the intensity of the cosmic rays at different heights 
and in different regions over which the artificial sputnik of the earth will fly 
past should be related to the above-mentioned questions. The study of these 
phenomena ‘has an intrinsic significance for understanding the problem of 
the origin of the cosmic rays and the astrophysical problems, particularly 
for a clarification of the relationship of these variations to the flashes on 
the sun accompanied by magnetic disturbances of the earth’s field. 

The determination of ionic concentration is one of the problems 
relating to the investigation of the structure of the ionospheric layers. It 
has been experimentally ascertained that this concentration varies with 
height. In this context, the data regarding the ionization of the atmos- 
phere along the sputnik’s orbit will be of exceptional importance. Then, 
out of other ionospheric measurements, we should be able to note the 
mass spectrometric measurements of the ionic composition of the ionos- 
phere with the object of defining its chemical structure more accurately. 

The fluctuations of the earth’s magnetic fieid is also one of the 
wonderful geophysical phenomena. The measurements taken at the earth’s 
surface and also by means of rockets show that the earth’s magnetic field 
is not constant at times and that there exist the so-called secular and 
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temporary variations. The nature of secular variations is, in particular, 
most puzzling. As regards ‘the short-term variations, the causes of their 
formation are, at present, associated with the existence in the upper 
atmospheric layers of the systems of electric current measured in terms of 
hundred thousand amperes. It is supposed, for instance, that a system of 
electric current, which produces diurnal variations of the magnetic field 
is disposed at an altitude of 100-120 kilometres. In this connection, the 
study of the variation in the intensity of the magnetic field at great altitude 
is very important, since it will furnish to scientists new data regarding the 
existence of the different kinds of short-term variations having a bearing 
on the atmospheric. currents. 

This importance is also underlined by the fact that the magnetic 
variations are connected through established rules with other physical 
phenomena : aurora, scattering of radio-waves, the variations in the 
cosmic rays, etc. The magnetic disturbances seem to be peculiarly closely 
connected with aurorae. Both these phenomena are supposed to be 
produced by corpuscular radiation of the sun. However, the nature and 
the intensity of corpuscular radiation have been studied little. Together 
with this, the theories of aurorae have a substantial bearing on one or 
another assumption in regard to the nature of particles ejected by the sun. 
Thus, the question about the nature and the intensity of corpuscular 
radiation remains an extremely important one, on the solution of which 
depend, to a considerable extent, our notions about the origin of aurorae 
and other phenomena in the upper layers of the atmosphere. 

The study of meteors and micrometeors is another important problem 
which can be investigated with the help of an artificial satellite of the earth. 
These solid particles, moving, say, with a velocity of 50-70 kilometres per 
second in relation to the earth, are interesting not only for geophysicists 
and astronomers, but also for the designers of rockets and sputniks, as their 
effect must be taken into account while designing the sputnik. Calculations 
indicate that even small particles are capable of piercing the outer jacket 
of the sputnik. It is thus essential to know as to what is the intensity of 
micrometeors and also the type of energy they possess. If we could obtain 
a mass spectrum of micrometeors and meteors, we might be able to make 
a definite assessment of the ‘meteoric danger,” an extremely important 
problem for future interplanetary communications. 

We have mentioned only some of the experiments which will be 
conducted by the Soviet scientists by means of the artificial sputniks of the 
earth. The results obtained will considerably supplement the scientific 
data to be collected during the International Geophysical Year. 

The attention of our scientists and engineers is concentrated on 
securing the necessary conditions for a normal functioning of the scientific 
equipment, as well as on a large number of other questions, on the success- 
ful solution of which depends the nature of experiments to be conducted. 
The creation and the launching of the artificial satellites of the earth is the 
first important step in the task of accomplishing interplanetary flights. 
Indeed, it will play an exceptional role in the united endeavours of scientists 
of different countries for a conquest of the forces of nature. 


APPENDIX II 
PROBLEMS OF COSMIC FLIGHTS 


By 
Academician L.I. Sedov 
(Taken from Pravda, June 12, 1957) 


The International Geophysical Year commenced on July 1, 1957 and 
will last till the end of 1958. This is a great event so far as the science of 
the earth and the earth’s atmosphere are concerned. During one and a half 
years, investigations On varied aspects of our planet have been carried out 
in many countries of the world. Of these, the launching of the artificial 
satellites of the earth will, perhaps, be the biggest and the central event of 
the Geophysical Year. 

And, yet, the problem of cosmic flights and the creation of the 
artificial sputniks of the earth seemed fantastic only two years ago. The 
‘scientists and engineers alone had faith in it. For long years, they worked 
hard preparing designs of rockets by the utilization of jet technique, which 
could fly at an altitude of several hundred kilometres with huge speed that 
is essential for the launching of an artificial sputnik of the earth. Serious 
technical difficulties were faced in the carrying out of these projects. 
Today, it has become possible to attain the required height and speed by 
means of stage rockets. 

A stage rocket represents essentially a system of rockets acting in 
succession. For instance, a tri-stage rocket comprises three rockets, which 
move jointly at first. To start with, the first and the basic rocket is 
pressed into action. Later, it is detached after having fulfilled its task ; at 
this moment the second rocket comes in. After its function has been 
over, this rocket also gets detached, followed by the last and the third 
rocket which now begins to operate. Consequently, it becomes possible 
to hurl a special body, i.e., a sputnik of the earth, to the required height 
with a tremendous speed. The sputnik is fitted with complicated equip- 
ment for carrying out scientific investigations and maintaining connection 
with the earth. 

It should be borne in mind that great difficulties bearing on the 
precision and reliability of equipment arise during the course of the solu- 
tion of this problem. Suffice it to say that with a velocity of 8,000 metres/ 
sec., an error of a few tens of metres/sec. in generating the required speed, 
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or an error of 1-2° in the angle of projection can result in decreasing the 
orbital height by more than 100 kilometres as compared with the comput- 
ed orbit. Thus, with an incorrect magnitude of direction of velocity, the 
earth’s sputnik will fail to reach the required orbit, hit the denser layers of 
the atmosphere and burn out as a meteor. 

It is necessary to resolve a number of most intricate probems con- 
nected with the conducting of researches on the sputnik, the transmission 
of the results of measurements to the earth, and the maintenance of a 
continuous radio link with the sputnik. The fundamental distinctive fea- 
ture in setting up these experiments is the small size and weight of instru- 
ments and equipment installed on the sputnik. 

The. problem of reducing the weight of equipment is one of the most 
important in aviation, and considerable achievements have already taken 
place in this direction. There has been built up the so-called ‘weight 
culture,” which exerts its salutary influence in other spheres of technology. 
Nevertheless, the problem of weight has a peculiar subtlety in the case 
of space rockets and artificial satellites, and ever remains new. Every 
kilogram of the sputnik’s weight requires a few hundred kilograms of 
weight of various accessory construction and the weight of fuel and 
oxidizer. 

For the construction of space rockets are required essentially new 
derivations based on the application of the latest achievements .of science 
and technology. Thus, use has been made of semi-conductors in automa- 
tic equipment for research, special Geiger counters for studying the 
characteristics of the cosmic rays, and photon counters for perceiving the 
ultraviolet radiation of the sun. Also, special equipment is necessary for 
investigation of the earth’s magnetic field. In addition, temperature gauge, 
pressure pick-up and many other instruments have to be installed on the 
sputnik. 

A considerable amount of energy should also be stored on the sputnik 
to enable it to maintain a continuous contact with the radio and to ensure 
the working of its instruments. Hence, the need arises for constructing 
light sources of energy possessing a large capacity. For subsequent 
development of the technique of space flights, new sources of energy should 
be discovered and multiple research work carried out continuously in this 
field. 

Researches on the observation of the sputnik have also acquired a 
great significance. The sputnik will complete one revolution in space along 
its immovable trajectory in one and a half hours. Owing to the earth's 
rotation, its movement can be observed from the most diverse points on the 
surface of the earth. 

Apparently, the sputniks can exist for a long time only at heights 
exceeding 200 kilometres, The denser layers of the atmosphere can quickly 
stop the motion of a body at heights ranging from 80-150 kilometres. 
However, this gap in height is also very interesting for scientific investi- 
gation. 

At present, we have designs of aircraft for these heights. These are 
the so-called satelloids which serve as the intermediate link between the 
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usual rocket and the sputnik. Unlike the rocket, which moves wholly in 
accordance with the laws of celestial mechanics without any additional 
thrust, the satelloid has an engine whose thrust is regulated by the lift or 
descent of the apparatus. Calculations reveal that a small stock of fuel is 
required to keep a satelloid in motion at a height of 100 kilometres 
approximately. 

The first sputniks having lost a part of the velocity due to air-resist- 
ance during motion along the orbit will descend in the dense layers of the 
atmosphere where they burn up on account of aerodynamical heating. In 
view of this, we can, at present, expect to receive only such information 
from the sputnik as could be transmitted through radio. This restricts the 
cotality of the data considerably. At present, !the scientists are making 
attempts to solve the problem of the sputnik’s return to earth from its 
orbit. This question has already become a primary one for any projected 
flight of man on the sputnik and, in general, for future space flights with 
crew. 

The possibility of the sputnik’s collision with meteors of forbidden 
dimensions is little. Nevertheless, the danger of the cosmic rays acting on 
living creatures during their long stay above the terrestrial atmosphere and 
in space remains. A thick layer of air helps us to protect against their 
harmful effects. 

In research programmes of the future, greater attention should be 
paid to the study of the action of the cosmic rays on living creatures 
under conditions of space flights. At the same time, it is essential to 
investigate the effect of Jaunching conditions and a prolonged flight in 
space rockets on human beings. It should be particularly kept in view 
that all objects on the sputnik become imponderable. At present, such 
designs of artificial sputniks have been constructed in which gravity is 
created by employing artificial methods. 

During the past few years, the upper layers of the atmosphere have 
been investigated by means of rockets, particularly rockets carrying dogs, 
which returned to earth safely by means of parachutes. The drawback of 
such investigation lies in the short period of the stay of rockets at great 
heights. 

The first stage towards the accomplishment of space flights will be to 
tackle the problem of constructing an artificial sputnik of the earth, as also 
of an automatic Jaboratory which would operate for a long period. 

In one of his earlier works entitled the Investigation of Cosmic Space 
by Jet Devices, the great Russian scientist, K. E. Tsiolkovski, surveyed the 
possibilities of rockets and their special significance for man’s exit beyond 
the atmospheric limits. The application of rockets for these purposes re- 
quired a high development of technology which was absent in those days. 
Today, however, greater attention is being devoted to investigating the 
space surrounding the sun, studying the possibilities of flight of a vehicle 
carrying crew, and computing the most suitable trajectories for a flight to 
the moon, Mars and other planets. The data collected so far, for example, 
show that for a flight to the moon with the purpose of landing on it and 
subsequent return to earth under modern conditions of rocket technique 
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would require the despatch from earth of a rocket-coach weighing several 
million tons. This idea led to the possibility of setting up an inter-station 
on the artificial satellite of the earth. The flight from such a transit 
station and return to it again would require the weight of rocket-coach to 
exceed the admissible launching weight. 

The flight to the moon will be ultimately possible after gaining 
familiarity with the upper layers of the atmosphere by means of sputniks. 
However, the possibility of flight to the moon without alanding on it is 
more real and is possible of realization in the near future. In this 
connection, the investigations of the optimum trajectories of such a flight, 
which have been produced in the Soviet Union and abroad, acquire a 
practical significance. The development of science and technology in 
co-operation with industry, it is hoped, will ensure the accomplishment of 
the long-cherished dream of mankind—that of probing into space. 


APPENDIX III 


TASS REPORT 
(Taken from Pravda, August 27, 1957) 


In conformity with the plan of scientific researches, successful experi- 
ments have been conducted in the Soviet Union with the intercontinental 
ballistic rockets and also nuclear and thermonuclear weapons exploded. 

I 

A superdistant, intercontinental, multi-stage ballistic rocket was 
Jaunched the other day. The experiments were accomplished successfully 
and these confirmed fully the accuracy of calculations and the selection of 
design. The rocket flew ata very great height—in fact unattained till 
that time. It then fell into a pre-determined impact area after covering a 
huge distance within a short time. 

The results that have been obtained show that it is possible to fire 
rockets to any part of the world. The solution of the poblem of construc- 
ting intercontinental ballistic rockets will make it possible to reach remote 
areas without taking recourse to strategical aviation which is, at present, 
vulnerable against modern means of anti-aerial defence. Indeed, this 
scientific and technological achievement is a great contribution towards 
the development of science. It also has profound significance for the 
fortification of the defensive capabilities of the U.S.S.R. All this has 
been possible through the hard labour of a large number of Soviet workers 
who have participated in the development and the manufacture of inter- 
continental ballistic rockets and the methods that have ensured their 
successful launching. 

II 

During tha past few days, a number of explosions of nuclear and 
thermonuclear weapons were conducted in the Soviet Union. The 
explosions were carried out at a great height in the interest of the safety 
of the people. The experiments were successful. 

In connection with the above-mentioned experiments, Tass has been 
authorized to declare : 

For many years, the problem of disarmament, which includes the 
question of prohibiting atomic and hydrogen weapons as well as that of 
the cessation of their tests, has been discussed in the U.N.O., but without 


any result. 
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The Sovie: Government, which has steadfastly pursued a policy of 
peace, has, on more than one occasion, put up concrete suggestions for a 
substantial reduction of the armed forces and armaments, the prohibition 
of atomic and hydrogen weapons, the suspension of tests of these types of 
weapons and about other measures connected with the problem of 
disarmament. Unfortunately, no concrete steps have so far been taken 
by other countries in this direction. On the other hand, all sorts of 
obstacles in the way of reaching agreement on this most important problem 
have been put up. Indeed, it is well to recognize, in the interest of the 
world peace, that all countries should prohibit atomic and hydrogen 
weapons and also come to an agreement on the unconditional and urgent 
cessation of tests of nuclear weapons. However, till a positive solution of 
the question of disarmament is found, the Soviet Government is obliged 
to take all necessary steps for ensuring the safety of the Soviet people. 
Nevertheless, it will continue to endeavour persistently to reach an agree- 
ment on the problem of complete disarmament, ina positive solution of 
which, it strongly feels, all people of the world are deeply interested. 


APPENDIX 1V 


TASS REPORT 
(T aken from Pravda, October 5, 1957) 


The researches on the corstruction of the artificial earth’s satellites 
and their empirical designs have been carried out for a number of years 
in the Soviet Union. As already reported in press, the first firings of 
sputniks in the U.S.S.R. took place according to the programme of 
scientific research during the International Geophysical Year. 

The first artificial satellite of the earth has been produced as a result 
of the continuous and collective work carried out by the research institutes 
and design bureaus in the U.S.S.R. The first sputnik was launched success- 
fully on October 4, 1957. According to preliminary data, the rocket- 
carrier imparted an orbital velocity of nearly 8,000 metres per second to 
the spuinik. At present, the sputnik is describing elliptical trajectories 
around the earth, and its flight can be observed in the rays of the rising 
and the setting sun by means of ordinary optical instruments like 
binoculers, telescopes, etc. 

According to the information collected so far, the sputnik will move 
at heights up to 900 kilcmetres atove the earth’s surface and complete 
One revolution in | hour 35 minutes. The angle of inclination of the orbit 
to the equatorial plane will be equal to 65°. The sputnik will pass twice 
above the territory of Moscow on October 5, 1957—at 1-45 a.m. and 
6-42 a.m. according to the Moscow time. The information concerning 
the subsequent movement of the first artificial sputnik will be given 
regularly by the broadcasting stations. 

The sputnik resembles a ball with a diameter of 58cm.and weight 
83:6 kilograms. ‘Two radio-transmitters have been installed on it which 
are continuously emitting radio-signals with frequency of 20°005 and 
40-002 megacycles, the corresponding wave-length teing 15 and 7°5 metres 
approximately. The transmitters ensure that a very large number of 
amateur-observers will be able to receive radio-signals. The signals are 
in the form of telegraphic errands Jasting about 0-3 second with an interval 
of equal duration. The signal of one frequency is despatched during the 
spacing time of the signal of the other frequency. 

The many scientific establishments in the Soviet Union are carrying 
out observations on the sputnik and ascertaining the elements of its 
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trajectory. Since the density of the rarefied layers of the upper atmosphere 
is not known for certain, we do not have, at present, any data for an exact 
determination of the period of the stay of the sputnik and the place of 
its entry into the dense atmospheric layers. Calculations show that at 
the end of its stay the sputnik will burn owing to its terrific speed while 
reaching the dense atmospheric layers at a height of, say, some tens of 
kilometres. 

In Russia, the possibility of realizing space flights by means of 
rockets was analyzed scientifically as early as the end of the nineteenth 
century through the researches of the great scientist, K. E. Tsiolkovski. 

The successful launching of the first man-made satellite of the earth 
has made an outstanding contribution to the development of science. It 
also has a profound significance, since it will enable us to get knowledge 
about the properties of space and the earth as a planet of our solar 
system, besides showing the way to interplanetary travels. 

The Soviet Union intends to launch still more artificial satellites of 
the earth during the course of the International Geophysical Year. These 
sputniks will have bigger dimensions and weight, and an extensive 
programme of scientific investigations will be carried out on them. Indeed, 
the artificial satellites of the earth bear testimony to the fact how hard 
and conscious work of the people of a new socialistic society can 
transform into reality the long-cherished dreams of mankind. 


APPENDIX V 
SOVIET ARTIFICIAL SATELLITE OF THE EARTH 
(Taken from Pravda, October 9, 1957) 


On October 4, 1957. the whole world witnessed an outstanding event 
when the Soviet Union launched successfully the first artificial satellite of 
the earth. The news of the sputnik’s launching was received in all parts 
of the world and its trial recorded by many observers in all the countries. 
The creation of the sputnik was the result of prolonged and continuous 
yesearches in which a large number of Soviet scientists, engineers and 
industrial workers participated. 

Theoretically, the question regarding the possibility of sending a 
space ship beyond the limits of the earth’s atmosphere was resolved in the 
beginning of the twentieth century by the famous Russian scientist, K. E. 
Tsiolkovski, who showed that the means of space flight must be the 
rocket. He dealt with a number of Lasic problems of interplanetary 
flight and showed that the construction of an artificial satellite of the 


earth would be the first stage. 

The creation of an artificial satellite of the earth, however, required 
the solution of a number of most intricate and chiefly new scientific and 
technical problems. Among these, greatest difficulties were encountered 
in the development of a rocket-carrier for transplanting the sputnik into 
the orbit. A rocket-carrier was produced for launching the sputnik which 
has a most perfect design. Besides, powerful engines, which can operate 
under difficult thermal conditions, have been produced. Also, optimum 
schedules of rocket motion which guarantee its most effective use have 
been worked out. Furthermore, an extremely precise and effective system 
of automatic rocket control has been developed to ensure the pre-deter- 
mined principle of rocket motion which is indispensable for throwing the 
sputnik into the orbit. 

The solution of these problems, as also of many other most com- 
plicated ones, was possible only as a result of the application of the latest 
scientific and technological achievements in the most diverse fields, and 
chiefly owing to the high technical level of rocket-building in the U.S.S.R. 
It was possible to construct an artificial] satellite of the earth in so short a 
time owing to the high level of scientific and technical potential in our 
country and the clear and systematic work of the research institutions, 
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designing bureaus and industrial concerns. Obviously, a good deal of 
experimental work connected with the construction and finish of individual 
units, as also of the entire complex system, preceded the launching cf the 
satellite, the success of whose operation completely confirmed the correct- 
ness of computations and the fundamental technical derivations that were 
accepted during the construction of rccket-carrier and the sputnik. 

The launching of the first satellite opens up a vast programme of 
scientific investigations, which will continue during the course of the In- 
ternational Geophysical Year through a number of subsequent artificial 
sputniks constructed with a progressive increase in weight and dimensions. 
The construction of a sputnik is the first step in the conquest of space and 
the realization of space flights. 

The sputnik has the form of a ball. It was placed inside the fore- 
part of the rocket-carrier and covered bya protective cone. The rocket 
carrying the sputnik started vertically. Within a short period after the 
Jaunching, the axis of the rocket started to deviate gradually from the 
vertical by means of a scheduled device. Atthe end of the phase of its 
extrication to the orbit, the rocket was situated at a height of several 
hundred kilometres and moved parallel to the earth’s surface with a speed 
of nearly 8,000 metres per second. After the cut-off of the rocket engine, 
the protective cone was thrown off, detaching the sputnik from the rocket, 
which now began to move independently. 

At present, a sputnik equipped with instruments, a rocket-carrier and 
the protective cone are moving around the earth. Since the get-away 
speed of the cone from the sputnik and of the sputnik from the rocket is 
not large, the carrier and the cone were situated at a comparatively little 
distance from the sputnik for some time while moving around the earth 
along the orbits approximating that of the sputnik. Thereafter, conse- 
quent on the difference in the periods of rotation obtained at the expense 
of the relative velocity at the time of detaching, and also that of the 
various degrees of deceleration in the atmosphere, all the three bodies got 
detached and appeared to be situated over completely different points of 
the earth’s surface simultaneously in the process of further motion. 


Sputnik’s Orbit 


The sputnik’s orbit resembles very close to an ellipse, one of whose 
focil is situated at the centre of the earth. The flight altitude of the 
sputnik above the earth’s surface is not constant and changes periodically, 
attaining a maximum value of approximately a thousand kilometres. At 
present, the perigee of the orbit, 7.e., its lowest point, is situated in the 
northern hemisphere of the earth and the apogee, namely, the highest 
point of the orbit, in the southern hemisphere. 

The orientation of the orbital plane with regard to the stationary 
stars is almost constant. As the earth rotates about its axis, so on each 
successive turn the sputnik must appear above the other area, having been 
displaced in one turn through an approximate longitude of 24°. The 
actual longitudinal displacement will be somewhat more, since Owing to 
the deflection of the gravitational field from the central orbital plane, it will 
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turn slowly about the earth’s axis in a direction opposite to that of its 
rotation. This motion of the orbital plane is little and constitutes 
approximately one-fourth of the longitude for one rotation. As a result 
of the relative motion of the earth and that of the orbital plane, each sub- 
sequent turn will run more and more towards the west with regard to the 
preceding one at the latitude of Moscow at 1,500 kilometres approximate- 
ly. Thedisplacement is greater in the equatorial range and is 2,500 
kilometres. 

The orbital plane is inclined to the plane of the earth’s equator at an 
angle of 65°. The route of the sputnik runs above the areas of the earth 
situated nearly between the north and south polar discs. Owing to the 
rotation of the earth about its axis, the angle of the route incidence to the 
equator is distinguished from the angle of tilt of the orbital plane. On 
reaching the northern hemisphere, the sputnik’s track crosses the equator 
at an angle of 69° in the north-east direction. Thereafter, the track turns 
all the more towards the east, and after it had touched the parallel cor- 
responding to 65° northern latitude, it is deflected to the south, and crosses 
the equator in the south-east direction at an angle of 69°. In the southern 
hemisphere, the track touches the parallel corresponding to 65° southern 
latitude, after which it is deflected northward and again crosses into the 
northern hemisphere. 

The shape and dimension of the sputnik’s orbit will vary gradually 
with the passage of time owing to the braking of the sputnik in the upper 
layers of the earth’s atmosphere. Since the density of the atmosphere at 
great heights where the sputnik moves is extremely small, the evolution of 
the orbit will proceed extremely slowly in the beginning. The height of 
the apogee will decrease faster than that of the perigee, and the orbit will 
tend all the more to be a circular one. With the entry of the sputnik into 
the denser layersof the atmosphere, the braking of the sputnik will 
be extremely powerful. The sputnik will begin to glow just like meteors 
arriving from interplanetary space and burn up in the atmosphere of the 
earth. 

At present, the density of the upper atmosphere is not known quite 
precisely. Therefore, to predict accurately the period of the stay of the 
sputnik in the orbit is not yet possible. The data available so far on the 
density of the upper atmosphere and also the results of the trajectorial 
measurements that have been carried out enable us to confirm that the 
sputnik will move around the earth for a long period. 

The period of the revolution of the sputnik is, at present, ninety-six 
minutes, but it decreases with the lowering of the orbit. The rate of the 
variation of the period will serve to indicate the speed with which the 
shape of the orbit would change. Thus, an exact measurement of the 
period of the revolution of the sputnik is an extremely important and res- 
ponsible task. 

The parameters of the orbit of the Soviet artificial satellite permit its 
being observed in all continents in a large range of latitudes. This opens 
up great possibilities for a solution of the various scientific problems. It 
may be pointed out that the sputnik’s launching at such an orbit 1s a more 
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difficult task than at an orbit close to the equatorial plane. During the 
equatorial launching, it is possible to utilize, to a large extent, the velocity 
of the earth’s rotation around its axis for boosting the rocket. 


Obervations on the Sputnik’s Motion 


An extremély important part of the investigations conducted 
by means of the artificial sate'lite of the earth is the observation 
of its motion, the recovery of observations and a forecast of the further 
motion on the basis of results. The observation of the sputnik is carried 
out by radio-technical means and also in the observatories with the help 
of optical instruments. Side by side with the specialists, radio-amateurs 
are also widely attracted to it with their own methods of observation, as 
well as the groups of amateur astronomers, the so-called sky-gazers, who 
conduct observations on astronomical sites by means of specially designed 
optical instruments. At present, the observations of the sputnik ‘are being 
carried out regularly in the U.S.S.R. by sixty-six stations of optical obser- 
vations and twenty-six clubs of the voluntary society for aiding the Army, 
the Air Force and the Navy with a great many means Of radio-monitoring. 
Besides, thousands of radio fans are also carrying out observations on the 
sputnik individually. 

Scientific stations are conducting observations by means of radars and 
radio-direction finders. Also, the observations are being carried out by 
optical methods and photographing the sputnik’s motion. 

We shall stop to consider the methods of observation employed by 
astronomers and radio-amateurs, since these methods are easily accessible 
to large numbers of people interested in the sputnik’s motion. At the dis- 
posal of the amateur astronomers, there is a large number of specially pre- 
pared astronomical tubes, optically perfect and having a broad visual field. 
At the observation stations, there are also assemblies of equipment which 
provide for the determination of the sputnik’s position in the heavenly orb 
at any given moment. 

The existing equipment, by means of which the optical station per- 
ceives the position of the sputnik on the firmament, provides for taking 
measurernents with an accuracy up to 1° and the moment at which this 
position is noted with an error not exceeding one second. The optical 
station observes the artificial satellite either in the morning or in the even- 
ing time when the earth’s surface is enveloped in darkness and the sputnik 
itself, being situated at a great height, is illuminated by the sun. 

It must be noted that the observation of a sputnik by means of astro- 
nomical instruments presents considerable difficulties and is not like the 
observations of ordinary astronomical objects. The reason is that the 
sputnik moves very fast in the sky with a velocity of nearly 1° per second 
on an average. 

In order to guarantee the reliability of observations, there are arrang- 
ed at each optical station one or two “optical barriers” of tubes disposed 
in the meridian and along the vertical disc perpendicular to the apparent 
orbit of the sputnik. Besides, in the quest of sputnik a method is applied 
which is based on the so-called the “rule of local time.” This method 
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utilizes the conditions that the sputnik’s orbit does not participate in the 
diurnal rotation of the earth, and that the sputnik itself will pass through 
the pre-determined latitude at the local standard time, which fluctuates 
slowly with the orbit’s rotation in absolute space about the earth’s axis at 
the expense of the deflection of the gravitational field from the central. 
As a result of this, the sputnik will, fora given station, pass through a 
series Of points on the heavenly range during its motion, which may be 
designated the points of expectancy. Ifthe axis of the optical device is 
adjusted in such a manner that it is set at the next anticipated point on 
the celestial range which has been computed beforehand, then the sputnik’s 
acquisition will be inevitable, sonner or later. 

The observations of the sputnik are being carried out, collected 
and analysed by a large number of radio-amateurs on the basis of which 
the elements of orbit and their perpetual drifts are determined. For 
analysing, the latest computing methods, e.yg., the electron counters, are 
made use of. Thus, the parameters of the orbit are brought out precisely 
and the sputnik’s motion predicted. Besides, the data incoming from the 
observation stations is utilized for a number of geophysical investigations 
carried out by means of the sputnik, such as the determinaticn of the 
density of the atmosphere in accordance with the evolution of the 
parameters of the sputnik’s orbit, etc. 


The Sputnik’s Characteristics 


As has been pointed out earlier, the sputnik has the shape of a ball. 
Its diameter is equal to 58 centimetres and weight 83:6 kilograms. 
The hermetically-sealed frame of the sputnik is manufactured out of 
aluminium alloys. Its surface is polished and subjected to special 
treatment. In its body is disposed the entire equipment of the sputnik 
together with the sources of power supply. Before launching, the sputnik 
is filled with gaseous nitrogen. 

In the outer surface of the frame are installed antennae in the form 
of four bars which are 2:4 to 2°9 meters long. At the time of the sputnik’s 
extrication, the antennae bars are clamped to the rocket frame. After the 
sputnik’s detachment, the antennae are turned relative to their hinges and 
take a position depicted in Fig. 75.1 

While moving in the orbit, the sputnik is subjected to alternating 
effects of heat—heating by the rays of the sun during the period of its 
location over the illuminated portion of the earth, cooling during flight in 
the shadow of the earth, thermal effects of the atmosphere, etc. Besides, 
a certain quantity of heat is liberated with the operation of instruments 
inside the sputnik. In the thermal sense, an artificial satellite appears 
to be an independent heavenly body exchanging heat by radiation with the 
surroundings. Thus, the guarantee of normal conditions of temperature 
for a long period on the satellite, which is essential for the operation of 
instruments, seems to be a fundamentally new and fairly complicated 
problem. The requisite temperature conditions on the first satellite have 
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been maintained by imparting appropriate values of radiation coefficients 
and absorption of solar radiation to its surface, and also by regulating 
the thermal resistance between the envelope of the sputnik and the equip- 
ment disposed in it at the expense of a forced circulation of nitrogen 
inside the sputnik. 

Two transmitters installed on the sputnik emit continuous signals with 
frequencies of 20-005 and 40-002 megacycles (wave-lengths 15 and 7°5 
metres correspondingly). It should be particularly noted that it became 
possible to instal very powerful radio-transmitters on the artificial satellite 
produced in the U.S.S.R. in relation to its comparatively large weight. 
This permits the reception of signals from the satellite at extremely large 
distances and affords an opportunity to a vast circle of radic-amateurs 
all over the world to carry out observations of the sputnik. The first 
twenty-four hours of observations on the sputnik’s fiight have confirmed 
the possibility of a reliable reception of its signals by ordinary amatcur 
receivers at distances of several thousand kilometres. The _ isolated 
instances of the reception of the sputnik’s signals at distances up to 10,000 
kilometres are claimed. 


Radio-signals of the Sputnik 


The signals emitted by radio-transmitters on each of the frequencies 
have the form of telegraphic despatches. The signal of one frequency is 
produced during the time of the pause of the signal of the other frequency. 
The duration of the signals on each of the frequencies is, on an average, 
nearly 0°3 second. These signals are used for the observation of the 
sputnik’s orbit and also for solving a number of scientific problems. For 
recording the processes taking place in the sputnik, sensing units are 
installed on it, which change the frequencies of the telegraphic despatches 
and the relationship between their duration and intervals with a variation 
of some parameters on the sputnik like temperature, etc. During the 
reception of the signals from the sputnik, they are recorded for further 
decoding and analysis. 

It may be mentioned that the radio-transmitter ceases working for 
some time. It can happen, for instance, if a meteoric particle were to 
penetrate the frame of the sputnik or damage the antenna. Moreover, 
the sputnik has a limited store of electric energy. After the suspension of 
the work by the radio-transmitter, the observation of the sputnik will be 
carried out by optical methods and radars. 

The observations on the scattering of the radio-waves radiated from 
the sputnik are also highly significant. Till now, the basic information 
about the ionosphere was gathered by a study of radio-waves which were 
despatched from the earth and reflected from the regions of the ionosphere 
situated lower than the layers of maximum ionization. So far, it is really 
not known as to what is the height of the upper boundary of the ionos- 
phere. The sputnik’s launching has created the possibility of receiving 
radio-signals for a long time with two distinct frequencies from the regions 
of the ionosphere which were hitherto inaccessible for prolonged observa- 
tions that are situated higher than the maximum of ionization and may be 
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above the ionosphere in general. The measurement of the levels of the 
signals received and the angles of refraction of the radio-waves with 
different frequencies helps in obtaining the data regarding the attenuation 
of the radio-waves in the regions of the ionosphere not investigated 
hitherto, and also some information regarding the structure of these 


regions. 
* *® * 


The programme of scientific measurements on the artificial satellites 
of the carth is extremely vast and embraces many divisions of the 
physics of the upper layers of the atmosphere and a study of the cosmic 
expanse near the earth. To these questions are related (1) the study of the 
composition of the ionosphere, its chemical structure, measurements of 
its pressure and density and magnetic measurements; (2) the study of the 
nature Of corpuscular radiation of the sun ; (3) the primary composition 
and variants of the cosmic rays; (4) ultraviolet and x-ray components 
Of the solar spectrum ; and (5) the electro-siatic fields of the upper layers 
of the atmosphere and micro-particles. The first sputnik will furnish 
information in regard to inany of these problems. 

In the field of the study of cosmic rays, the programme envisages 
the derivation of data regarding the relative amount of different nucleii 
in the composition of primary cosmic radiation. Particularly, a deter- 
mination will be carried out of the relative quantity of nucleii of lithium, 
beryllium and boron, as well as of nucleii having an extremely big charge. 
It would be possible to obtain data which could not be available for the 
methods of investigation employed before. 

The apparatus installed on the sputniks also enables us to carry out 
a study of variants of the complete flow of the cosmic rays, which hampers 
a large stratum of the atmosphere situated above the equipment during 
ground installation. The resulting data bring to light the diurnal, semi- 
diurnal and twenty-seven day variations and also help to study their 
connection with the phenomena on the sun. Thus, the sputnik makes 
way for the carrying out of the above-mentioned measurements along the 
entire globe. 

_It has not yet been possible to study the short-wave radiation of the 
sun because of its absorption by the atmosphere. The great heights at 
which the sputnik rotates enable us to investigate the ultraviolet and x-ray 
regions of the solar spectrum by means of instruments developed by our 
physicists, and to bring out the variations in the intensity of the radiation 
of the sun. This study is important, since, according to modern concep- 
tions, the short-wave radiation of the sun causes an ionization of the upper 
layers of the atmosphere. Consequently, these results will throw new 
light on the processes of the formation of the ionosphere. Inasmuch as 
the short-wave radiation of the sun is produced by the solar corona, the 
data regarding it will enable to draw new results about its structure as 
well. 
Along with the short-wave radiation of the sun, the corpuscular radia- 
tion also plays an important role in processes occurring in the upper layers 
of the atmosphere. Thus, it is important to resolve the problem of the 
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nature of corpuscular radiation and its intensity, the power spectrum of 
particles ejected by the sun, and the role of corpuscular radiation of the 
sun in the formation of aurorae. These questions may also be success- 
fully solved by means of equipment installed on the artificial satellites 
of the earth. 

The flight of a sputnik above the ionized layers of the atmosphere 
enables us to check up a number of conclusions arrived at on the basis of 
one hypothesis or the other concerning the existence of cyclic currents in 
the upper layers of the atmosphere. The artificial satellites also allow to 
study the rapid variations of the earth’s magnetic field. 

The study of the electrostatic fields at big heights, such as 1,000 
kilometres, and the solution of the question whether the earth appears 
together with its charged atmosphere or as a neutral system are of equally 
significant interest. Side by side with the study of the ionosphere by 
indirect methods by means of observations on the passage of the radio- 
waves, the programme of investigations on the satellites presupposes direct 
measurements of ion concentration at various heights, and in the long run 
of the chemical constitution of the ionosphere also by mass spectrometric 
methods. If the modern conception regarding the absence of negative 
ions at large heights is true, then these experiments will afford complete 
information about the composition of the ionosphere. 

These scientific observations will be made onthe sputniks during 
the course of the International Geophysical Year. At the same time, it 
is proposed to carry out investigations of the meteoric material found in 
the upper layers of the atmosphere. It isintended to obtain the mass 
spectrum and the speeds of micro-particles hitting the atmosphere from 
cosmic space. 

The artificial sputnik is the first step in the conquest of space. In 
order to realize our dream of cosmic flights, it is essential to study the 
effect of the conditions of space flight on living creatures. In the first 
instance, this study must be made on animals. Just as it happened in the 
case of high-altitude rockets, it is proposed to launch a satellite in the 
Soviet Union having on board animals as passengers, on whose behaviour 
and the course of physiological prccesses detailed observations will be 
carried out. 

Thus, the accomplishment of the contemplated programme of 
scientific observations by means of the artificial satellites of the earth will 
play a revolutionary role in solving many problems of physics, 
geophysics and astrophysics. Indeed, by the successful launching of an 
artificial satellite of the earth, science and technology are taking a new 
leap while applying direct methods of scientific measurements in the 
hitherto inaccessible cosmic space, and o ening up vast possibilities for 
future interplanetary journeys. 


APPENDIX VI 


TASS REPORT 
(Taken from Pravda, November 4, 1957) 


On November 3, 1957, the second artificial satellite of the earth was 
launched tn the Soviet Union to carry out scientific investigations of the 
upper layers of the atmopshere and also to study the physical processes and 
conditions of life in cosmic space in accordance with the programme of 
the Interratioral Geophysical Year. This satellite, constructed in the 
U.S.S.R., represents the last stage of the rocket-carrier with container 
carrying scientific apparatus inside it. 

On board the second artificial satellite are installed (1) an apparatus 
for the investigation of solar radiation in short-wave ultraviolet and x-ray 
regions of the spectrum ; (2) an apparatus for the study of the cosmic 
rays; (3) an equipment to study temperature and pressure; (4) a 
hermetically-sealed container with dog as an experimental animal, air- 
conditioning system, facilities for the supply of and instruments for the 
study of biological activity in cosmic space ; (5) a measuring equipment 
for the transmission of the data of scientific measurements to earth; (6) 
t wo radio-transmitters operating on frequencies of 40-002 and 20-005 mega- 
cycles (corresponding wave-lengths being approximately 7°5 and 15 metres); 
and (7) requisite sources of electric energy. The overall weight of the 
entire equipment, test animal and the sources of electric power is 
508:3 kilograms. According to the data gathered from observations, 
the sputnik acquired an orbital velocity of approximately 8,000 
metres per second. Also, the maximum distance of the sputnik 
from the earth’s surface exceeds 1,500 kilometres, the period of one 
complete revolution of the sputnik being nearly | hour 42 minutes. The 
angle of the tilt of the orbit to the equatorial plane is approximately 65°. 

The measurement data obtained from board the sputnik shows that 
the functioning of scientific equipment and the contro] of the dog’s life 
activity is going on normal. 

The sputnik flew past the territory of Moscow town twice on Novem- 
ber 3 at 7:20 a.m. and 9-05 a.m. (Moscow time). The signals of the 
sputnik’s radio-transmitter have the form of telegraphic despatches, lasting 
about 0°3 second with a pause of identical duration at the frequency of 
20:005 megacycles. The radio-transmitter operates on frequency of 40-002 
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megacycles under conditions of continuous radiation. The Soviet scientists 
are extending their investigations of cosmic space and the upper layers of 
the atmosphere by a successful launching of the second artificial satellite of 
the earth with various types of scientific apparatus and test animal on 
board. The unknown processes of the natural phenomena taking place in 
the cosmos will now become more accessible to man. 

The associations of research institutes, design bureaus. investigators 
and industrial workers, which have produced the second Soviet artificial 
satellite of the earth, have dedicated its launching to the 40th anniversary 
of the Great October Socialistic Revolution. 


APPENDIX VII 


SECOND SOVIET SATELLITE OF THE EARTH 
(Taken from Pravda, November 13, 1957) 


It was reported in the press on November 3, 1957 that the second 
artificial satellite of the carth was launched successfully in the Soviet 
Union in accordance with the plan of scientific research devised in con- 
nection with the programme of the International Geophysical Year. It is 
a most Outstanding achicvement of Soviet science. Intense and fruitful 
work of a large number of scientists, engineers, technicians and workers 
has enabled to construct and project into the orbit a sputnik with a net 
weight of 508 kilograms 300 grams, which exceeds the weight of the first 
sputnik by six times. Besides, the second sputnik was thrown in an orbit 
situated considerably farther from the earth’s surface than the orbit of the 
first sputnik. 

The second artificial satellite of the earth is fitted with a variety of 
scientific instruments, which enable us to carry out an extensive programme 
of investigations. At the sputnik are arranged an apparatus for the study 
of the cosmic rays, investigations of ultraviolet and x-ray constituents of 
solar radiation, a hermctically-sealed cabin with dog as the test animal, 
radio-telemetring apparatus for the transmission to earth of the results of 
measurements, radio-transmitter, and also the requisite sources of electric 
energy. 


Sputnik’s Orbit and its Evolution 


The second sputnik was put into the orbit by means of a stage rocket. 
During this process, the rocket was lifted to a height of several kilometres 
from the surface of the earth, and during the terminal phase of extrication 
its last stage moved parallel to the earth’s surface with a speed of more 
than 8,000 metres per second, and was converted into a sputnik of the 
earth. At the moment of its exit into the orbit, the stock of fuel inthe 
tanks of the rocket was exhausted and the engine was cut off. The further 
motion of the sputnik continued at the expense of kinetic energy having 
been acquired during the rocket boost in the extrication phase. 

The velocity communicated to the last stage of the rocket was 
greater than that which was essential for the motion of the sputnik in a 


252 ARTIFICIAL SATELLITES OF THE EARTH 


circular orbit at a constant height corresponding to the point of the exit 
to the orbit. Thus, the sputnik moves not in a circular but in an elliptical 
orbit, the maximum distance of which from the earth is nearly 1,700 
kilometres that exceeds almost double the maximum height attained dur- 
ing the launching of the first satellite. Inasmuch as the dimensions of the 
large semi-axis of the orbit of the second satellite are more than those of 
the first satellite, the period of its rotation round the earth was also more, 
and constituted 103-7 minutes at the start. 

Owing to the increased period of rotations, the second sputnix com- 
pletes nearly fourteen rotations round the earth during twenty-four hours, 
whereas the first sputnik did nearly fifteen rotations in the beginning. The 
off-setting of each successive coil longitudinally is approximately fifteen times 
more for the second sputnik than the first, because of the earth’s rotation 
during the diurnal motion. The distance between the routes of the two 
adjoining coils on the earth’s surface also increased by the same degree. 

The resistance of the earth’s atmosphere causes the braking of the 
sputnik. Its orbit also changes its dimensions and form. Consequently, 
as the atmosphere is extremely rarefied at high altitudes, the forces of 
braking operating on the sputnik are not large. Thus, the variation of 
the parameters of the orbit proceeds extremely slowly. Inasmuch as the 
atmospheric density rapidly diminishes with -height, the braking takes 
place mainly in the region of the perigee, 7.e., in the region con¢iguous to 
the point farthest removed from the earth’s surface. At the apogee, 7.e., 
at the most distant point, the sputnik moves at such a great height that it 
is located in cosmic space beyond the limits of the terrestrial atmosphere, 
which extends to an altitude of 1,000 kilometres above the surface of the 
earth. 

The braking of the sputnik depends not only on the density of the 
atmosphere but also on the form of the sputnik and the relationship of 
its weight to its sectional area (on the so-called cross-load). The loss of 
speed will be less with a large cross-load. 

Two sputniks thrown initially into one and the same orbit, but hav- 
ing different braking values will be moving differently after the lapse of a 
certain time, as the orbits of their movement will change with different 
speed. Moreover, the dimensions of the orbit undergo a reduction 
primarily at ihe expense of lowering the height of the apogee. 

The first sputnik and its rocket-carrier moved initially along one and 
the same orbit approximately. The period of their rotation differed 
insignificantly and was about 96-2 minutes. At present, their orbits differ 
intrinsically because of the fact that the degree of the braking of the first 
sputnik is less than that of the rocket-carrier. The height of the apogee 
of the rocket-carrier is less than that of the sputnik by more than 100 
kilometres. The period of the revolution of the rocket-carrier, according 
to the data collected on November 10, 1957, was less than that of the first 
sputnik by 74 seconds approximately. 

The value of the braking of both the rocket-carrier and the sputnik 
varies with time at the expense of the variation in the orbital parameters. 
The braking increases gradually with the lowering of the orbit. This 
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incidence is clearly brought out by the results of observations. Asa 
result of the decline of the orbit up tothe height of 100 kilometres, the 
braking will be so much significant that an intensive warming up of the 
sputnik and the rocket-carrier will proceed, followed by their rapid drop 
and burning. 

The period of the existence of the sputnik depends on the magnitude 
of its braking in the atmosphere. It is clear that the greater the period of 
revolution and the lesser the braking, the longer will be the period of the 
sputnik’s stay. The computations carried out on the basis of the data 
obtained from observations of the first sputnik and the rocket-carrier 
provide for the presumption that the period of the existence of the sputnik 
should be three months from the moment of launching. This means that 
the first sputnik will stay in the orbit till the end of the year 1957. The 
period of the existence of the rocket-carrier is less than that of the first 
sputnik. Thus, we should expect that the rocket-carrier will burn out 
earlier than the sputnik. A large period of the revolution of the second 
sputnik and a small value of retardation, which is smaller than for the 
first sputnik, enable us to confirm that the period of the motion of the 
second sputnik in the orbit will noticzably exceed that of the first 
sputnik. 

The treatment of the results of the trajectorial measurements, which 
is being carried out at present, will enable us to establish completely the 
entire process of the evolution of parameters of the sputnik’s orbit, and 
to obtain important information relating to the distribution of the density 
in the upper layers of the atmosphere. In the long run, it will become 
possible to give out reliable forecasts about the period of life of the 
artificial sputniks of the earth. 


Observations on the Artificial Earth’s Satellites 


At the moment, sixty-six special optical observation stations, all 
astronomical observatories of the Soviet Union, and nearly thirty foreign 
observatories are carrying Out systematically optical observations of the 
motion of the first two satellites of the earth and the rocket-carrier of the 
first satellite. A network of optical observation stations is also being set 
up inthe countries representing people’s democracies. The number of 
foreign astronomical observatories participating in the systematic observa- 
tions of the artificial sputniks isincreasing day by day. The aeriological 
spots of hydrometric service having pilot-ballooned theodolites have also 
come under visual observation on account of the great brilliance of the 
rocket-carrier and the second satellite. 

As a result of optical observations, it became clear that the rocket- 
carrier varies in its brilliance. This is connected with the variation of its 
orientation in space. The least visually recorded period of the variation 
in brilliance is approximately 20 seconds. 

Side by side with the visual observations, photographic observations 
of the rocket-carrier and the second sputnik are also being carried out. 
The photographs obtained by the Pulkovsky Observatory, the observatory 
of the Astrophysical Institute of the Academy of Sciences of the Kazakh 
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Socialist Soviet Republic, the observatory of the Kharkov State Univer- 
sity, and in other astronomical establishments of the Soviet Union are 
just like those produced in the Purple Mountain Observatory (Chinese 
People’s Republic), the Edinburgh Observatory (Great Britain), the 
Dansink Observatory (Eire), the Potsdam Observatory (GDR) and others, 
thereby enabling a correct evaluation of the orbits of the sputniks and 
the rocket-carrier. 

The radio observations of the artificial sputniks of the earth provide 
an extremely vast material. These observations were carried out from 
points located at the various geographical latitudes and longitudes by 
means of direction-finding stations, the clubs of the voluntary society for 
aiding the Army, Air Force and Navy, educational institutions and 
thousands of radio-amateurs. The material that has been obtained is so 
vast that, at present, only a preliminary analysis has been completed so 
far. 

The measurements of the field strength of radto-signals received 
from the sputnik are highly significant. These measurements were 
accomplished by means of a continuous automatic transcription, and also 
by specific measurements taken at particular intervals. The results of 
these measurements make it possible to evaluate the absorption of the 
radio-wave in the ionosphere, including those regions which lie higher 
than the maximum of ionization of the primary ionospheric layer F, and 
are thus inaccessible to ordinary measurements conducted on the earth's 
surface. These measurements also permit the possible means of the 
dispersal of radio-waves in the ionosphere. 

The results of the reception of radio-signals of the sputnik and the 
measurements of their levels indicate that these signals were received on a 
‘wave of 15 metres at very great distances, far exceeding the distance of 
visibility. These distances are 10,12 and even 15 thousand kilometres. 
and sometimes still more in individual instances. 

The case of a sputnik which after completing the motion along the 
elliptical orbit occupies a different position with regard to the main peak 
of electron concentration in the terrestrial atmosphere is peculiarly interes- 
ting. While analysing the data of radio observations, it was considered 
whether the sputnik is situated, at a given moment, higher or lower than 
the actual peak height of electron concentration of the layer F,, obtained 
by the ionospheric stations on the basis of high altitude frequency responses 
of the ionosphere. If the sputnik moves higher than the ionospheric layer 
in the southern hemisphere, then within a few moments, it will be lower 
and at other moments close to the peak. Such conditions create 
great diversity in the modes of short-radio-waves scattering at large dis- 
tances. One of these modes is the reflection from the earth’s surface of 
the radio-waves passing upwards across the whole ionospheric mass 
accompanied by a single hop from the ionosphere in those regions where 
critical frequencies have sufficiently large values. In other instances, the 
radio-waves incident from above at a certain angle at the ionosphere 
undergo significant refraction, thereby penetrating the region lying beyond 
the limits of direct geometric visibility. 
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The sputnik’s position near the region of the maximum ionization 
of the atmosphere creates peculiarly favourable condition for the 
dissemination of radio-waves through ionospheric radio-wave guides. In 
some cases, according to observations, radio-waves came at the point of 
reception not by the shortest route, but by the longest arc after having 
gone round the globe. In isolated cases, the phenomena of a round-the- 
world echo of radio-signals was observed. In some instances, the measur- 
ed values of the field strength came out to be greater than the computed 
Ones in accordance with the Jaw of the inverse proportion of the first 
degree of distance, which also deals with the presence of wave-guide 
channels in ionosphere. 

Interesting results have been obtained on the observation of the 
Doppler’s effect of the variation of the beat tone between the frequency of 
radio-waves transmitted by the sputnik, and the frequency of the fluctua- 
tions of the local heterodyne. This was accomplished by means of 
magnetic tape-recording. A huge number of these recordings have been 
Obtained and the results are being processed. Undoubtedly, the final 
analysis of the data of radio observations on the artificial satellites of the 
earth collected so far will provide very valuable information in regard to 
the special features of ionization of the upper parts of the ionosphere, as 
well as in regard to the absorption and the character of the scattering of 
radio-waves. 


Mechanism of the Second Satellite 


As has already been mentioned, the second Soviet satellite of the 
earth represents the final stage of the rocket as distinct from the first 
sputnik, on which are arranged all the scientific and measuring apparatus. 
This disposition of the equipment has essentially simplified the problem of 
determining the co-ordinates of the sputnik by means of optical method 
of observation, inasmuch as the experiment of the first sputnik showed 
that the observations of the rocket-carrier proved much more simple than 
that of the sputnik. The brilliance of the rocket-carrier surpasses that of 
the first spuinik by several astral degrees. The total weight of the appa- 
ratus, the test animal, and the sources of electric power on the second 
artificial sputnik is 508 kilograms 300 grams. 

In the front of the last stage of the rocket have been installed, on a 
special frame, devices for the investigation of solar radiation in the ultra- 
violet and x-ray regions of the spectrum, a spherical container with radio- 
transmitters and other apparatus, a hermetically-sealed cabin with the 
dog—the test animal. The apparatus for the study of the cosmic rays is 
set up on the rocket frame. The instruments installed on the frame and 
the container are protected by special protective cones against aerody- 
namical and thermal effects which take place during the flight of the 
rocket in the dense layers of the atmosphere. The protective cone was 
discarded after the passing out of the last ‘stage of the rocket into the 
orbit. 

The radio-transmitters, located in the spherical container, operated 
on frequencies of 40-002 and 20-005 megacycles. The sources of their power 
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supply, the system of heat regulation, and the sensing units recording the 
variation in temperature and other parameters are also placed in this 
container. In design, the spherical container is similar to the first Soviet 
artificial sputnik of the earth. 

The signals of the radio-transmitter, which operated on the frequency 
of 20:005 megacycles (wave-length 15 metres), resembled the telegraphic 
despatches. Their duration as well as the duration of the pause between 
them was nearly 0:3 seconds on an average. With the variation of some 
parameters inside the spherical container, the duration of these despatches 
and the pause between them changed within defined limits. 

The radio-transmitter operated on the frequency of 40:002 megacycles 
(wave-length 7-5 metres) in a mode of continuous radiation. The installa- 
tion of the two radio-transmitters at the above-mentioned frequencies 
ensured the carrying out of investigations on the scattering of radio-waves 
radiated from the sputnik and the measurement of parameters of its orbit. 
Besides, the reception of signals from the sputnik was guaranteed in any 
state of the ionosphere. The selections of wave-lengths and sufficiently 
powerful radio-transmitters made it possible for a large number of radio- 
amateurs, side by side by special stations, to accomplish radio observations 
of the sputnik. 

The hermetically-sealed cabin in which the test animal dog was placed 
had a cylindrical shape. With the object of creating conditions essential 

.for the normal existence of the animal, there were placed inside it food- 
stuffs, and also an air-conditioning system consisting of reclaimed installa- 
tion and a system of heat regulation. In the cabin were also placed an 
apparatus for recording the pulse, breathing and blood pressure, as well as 
equipment for taking electro-radiograms and the sensing units for measur- 
ing a number of parameter characteristics of cabin conditions, such as 
temperature, pressure, etc. 

Just like the spherical container, the animal cabin has been manufac- 
tured from aluminium alloys. Their surface is polarized and subjected to 
special treatment with the object of imparting to it the necessary values of 
coefficients of radiation and absorption of solar radiation. The system of 
heat regulation installed on the spherical container and in the animal cabin 
helped to maintain temperature inside them within the pre-determined 
limits, leading away heat to the coating at the expense of the forced cir- 
culation of the gas. 

In addition to the equipment indicated above, in the frame of the last 
rocket stage are also installed a radio-telemetring measuring equipment, an 
apparatus for the measurement of temperature, and sources of electric 
energy which supply power to the scientific and measuring equipment. The 
temperature on the outer surface and inside the animal cabin, as well as 
the temperature of individual devices and units of the design, was deter- 
mined by means of temperature meters installed therein. The radio- 
telemetring equipment ensured the transmission to earth of data of all 
measurements carried out on the sputnik. It was cut-in periodically for 
purpose of transmission according to a special programme. 

The programme of scientific investigations connected with the con- 


SECOND SOVIET SATELLITE OF THE EARTH 201 


ducting of measurements on the second artificial satellite was computed 
for seven days. This programme has now been completed. The radio- 
transmitters of the sputnik as well as the radio-telemetring apparatus on 
board have stopped working. Further observations of the motion of the 
second artificial satellite of the earth are in progress through optical and 
radar means with a view to studying the characteristics of the upper layers 
of the atmosrhere, and to forecast its movement. 


Scientific Measurement 


The artificial satellite of the earth enabled scientists, for the first 
time, to conduct a number of experiments in the upper layers of the 
atmosphere, which had hitherto been impossible. 


Short-wave Radiation of the Sun 


The investigation of the short-wave ultra-radiation of the sun is a 
problem of immense scientific interest for physics, astro-physics and 
geophysics. As has been revealed by investigations carried out during 
past years, the sun, in addition to light, emits radiation which extends over 
a wide area of wave-lengths, starting with x-rays with a wave-length of a 
few hundred million parts of a centimetre and ending with radio-waves of 
wave-lengths of several metres. 

The emission of short-wave terminal of the solar spectrum of the 
distant ultraviolet and x-rays, and also of radio-emission is connected with 
the physical processes that take place in the outer layers of the sun’s 
atmosphere, ¢.e., chromosphere and corona, but which have been stored 
very little, and is indicative of the most serious effect on the earth’s 
atmosphere. The fundamental radiation of the chromosphere of the sun 
is concentrated on the spectral line of hydrogen having a wave-length of 
1,215 angstrem! units situated inthe distant ultraviolet region of the 
spectrum, and the coronary radiation is in the region of soft x-rays (3-100 
angstrems). The corona, consisting of most rarefied matter, has a 
temperature approximating I million degrees, and, evidently, there are 
regions inside the corona with a still higher temperature. The nature of 
the corona, however, still remains an enigma. 

The overall energy of the short-wave radiation of the sun is com- 
paratively small. It is ten thousand times less than the energy radiated 
by the sun in visible light. Nevertheless, it is just this radiation which 
produces an extremely large effect on the earth’s atmosphere. It is supposed 
to be due to the fact that the short-wave radiation possesses an extremely 
high activity and is capable of ionizing the air molecules, thereby causing 
the formation of the ionosphere—the strongly ionized upper layers of the 
atmosphere. According to the existing ideas, the lower layers of the 
ionosphere lying at a height of 70-90 kilometres (layer D) is formed by the 
ionization of air molecules with the emission of spectral line of hydrogen 
emitted by the chromosphere. The next layer is at a height of 90-100 

kilometres (layer E) formed by the x-rays of the corona. 


I One angstrem equals one hundred millionth of a centimetre. 
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The state of the upper layers of the sun and the ionosphere does not 
remain steady. It is changing continuously. A close relationship has 
been established between the solar activity—the appearance of the so- 
called chromospheric ignitions—and the absorption of radio-waves in the 
ionosphere leading to the suspension of radio-communication. This makes 
us to presume the existence of a direct connection of the variants of 
intensity of the short-wave radiation of the sun with the processes taking 
place in the ionosphere. 

The earth’s atmosphere absorbs the ultraviolet radiation of the sun 
completely, releasing only a band of the ultraviolet radiation adjoining 
the violet region of the visible spectrum. This absorbing action of the 
earth’s atmosphere protects the living organisms from the short-wave 
radiation of the sun, which is fatal. Simultaneously, it makes 
the investigation of this radiation from earth impossible. The absorption 
by air molecules is so large that for an observation of the short-wave 
vadiation, it is essential to go out of the bounds of the earth’s atmosphere 
and to hoist the instruments on an artificial satellite of the earth. 
Although the application of high altitude rockets yielded valuable results, 
yet the sputnik alone will afford the possibility of carrying out systematic 
measurements for a long period that are essential fora study of the 
variations of the intensity of the short-wave ultraviolet radiation. 

Three special photo-electron-multipliers disposed at an angle of 120° 
to one another serve as the receivers of radiation. Each photo-multiplier 
is covered, in turn, by several filters made of thin metallic and organic coat- 
ings, and also of special optical materials, which he!p to separate the diffe- 
rent bands in the x-ray region of the solar spectrum and the hydrogen line 
in the distant ultraviolet region. The electric signals generated by the 
photo-multiplier, which was directed towards the sun, were amplified by 
radio circuits and were transmitted to the earth by a telemetring system. 

Since the sputnik changed its orientation with respect to the sun 
continuously, and also spent some time in the region of its orbit not 
illuminated by the sun, the electric circuits of the equipment were cut for 
an economy of power supply only when the sun hit the visual field of one 
of the three receivers of light. This inclusion was done by means of photo- 
resistors illuminated by the sun simultaneously with the photo-multipliers, 
and an automatic system. 

Side by side with the observations of solar radiation from the sputnik, 
observations are also being carried out by a network of ground stations— 
the “solar service,”—-which are operating in accordance with the pro- 
grame of the International Geophysical Year. The astrophysical observa- 
tories and the stations devoted to the study of ionosphere and the 
reception of radio-emission of the sun have been conducting these obser- 
vations. A comparison of all these observations enables us to draw 
conclusions about the ultraviolet and x-ray radiations of the sun with the 
processes taking place in the chromosphere, the solar corona and the 
state of the ionosphere of the earth. These data will serve the basis for 
subsequent systematic observations. 
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Study of Cosmic Rays 


In cosmic expanse, the atomic nucleii of different elements are rush- 
ing up, thus acquiring a very large energy. The cosmic rays, which have 
sprung up tn this way, affcrd the fossibility of investigating the cosmos at 
great distances from the carth, and even from the solar system. The 
cosmic rays, on their way to earth from the place of their origin, are 
subjected to the action of the medium through which they pass. The 
composition and the intensity of this radiation change as a result of these 
processes. Particularly, the number of particles of the cosmic rays 
increases, if violent detonations take place on the sun, and conditions are 
created for an acceleration of atomic nucleii till they acquire a large 
energy. Inthis way emerges a supplementary current of cosmic rays 
produced on the sun. 

The sun is also a source of corpuscular radiation. In the currents of 
corpuscular radiation are found intensive magnetic and electric fields, 
which operate on the cosmic rays. 

The particles of the cosmic rays, while passing through the magnetic 
field of the earth, are strongly deflected in this field. Only those particles, 
which possess a very large amount of energy, can reach any area of our 
planet unhampered. The smaller the energy of these particles, the smaller 
will be the dimension of those regions on earth, which prove accessible 
to these particles. The particles possessing small energy reach only the 
Arctic and Antarctic zones. Inthis way, the earth is surrounded by a 
strong barrier, as it were, whose altitude is maximum at the equator and 
decreases with the increase of geomagnetic latitude. The cosmic protons 
having an energy of more than 14 milliards of electron volts can alone 
reach the equatorial regions. The southern parts of the Soviet Union are 
within an easy reach of particles having an energy greater than 7 milliards 
of electron volts, Finally, the territory of Moscow is accessible to all 
particles with an energy exceeding 15 milliards of electron volts. The 
measurement of the cosmic rays at different latitudes makes it possible to 
find out asto how many particles there are in the composition of the 
Cosmic rays, and what types of energy they have precisely. The relation- 
Ship existing between the number of particles of cosmic radiation and the 
latitude, the so-called latitudinal effect, defines the energy distribution of 
particles, i.e., the energetic spectrum of the cosmic rays. 

Consequent on a number of processes which proceed in cosmic ex- 
panse with the cosmic rays, their number and constitution vary. In some 
cases, e.g., during the emergence of particles at the sun, the basic thing 
happens that only the number of particles having little energy increases 
and those having a high energy remain unchanged. On the ocher hand, a 
change inthe magnetic field of the earth and effect on the cosmic rays of 
corpuscular currents emitted by the sun affect a change, not only in the 
number of particles possessing little energy, but also those with large 
energy. 

In order to explain the nature of the variations that take place in the 
osmic rays, it is essential not only to establish the fact of increase or 
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decrease of the intensity of the cosmic rays, but also to determine how the 
number of particles with different energy changed. A sputnik, moving 
with a velocity of 8 kilometres per second, crosses from one latitude to 
another during a very short interval. Thus, by means of the measurement 
of the cosmic rays at the sputnik, it is possible to determine the latitudinal 
effect of this radiation and thereby the particle distribution according to 
the energy possessed by them. It is especially essential that these measure- 
ments are carried out many times. Therefore, it is possible, by means of 
a spuinik, to follow not only the variation in the intensity of cosmic 
radiation, but also the changes in its composition. 

The particles that go to make the composition of cosmic radiation are 
recorded at the sputnik by means of counters of charged particles. On 
entry through the counter of an electrically-charged particle, a spark arises 
giving an impulse to the radio-technical circuit at semi-conductor triodes. 
The function of the spark consists in counting the number of the particles 
of the cosmic rays and giving a signal when a definite number of particles 
has been counted. After the transmission of signals regarding the counting 
of a definite number of particles has been obtained through radio, the 
particles of cosmic radiation are recorded afresh and a new signal given out 
after these have also been counted. By dividing the number of particles 
recorded by the time during which they were counted, we can obtain the 
number of particles passing through the counter in a second, or the inten- 
sity of the cosmic rays. 

Two identical devices for recording the charged particles have been 
installed on the sputnik. The axes of the counters of both these devices 
are situated at right angles to one another. 

The preliminary analysis of the data on the cosmic rays transmitted 
from the sputnik showed thai both the instruments functioned normally. 
The relationship between the number of particles of cosmic radiation and 
the geomagnetic latitude was clearly visible. The processing of a large 
number of measurements of the power spectrum of primary cosmic particles 
affords the possibility of investigating the variation of this spectrum with 
time, and to compare it with those processes which took place during this 
period in the cosmic space surrounding us. 


Biological Phenomena under Conditions of Cosmic Flight 


With a view to studying a number of medico-biological problems, a 
special hermetically-sealed cabin containing the test animal dog, nick- 
named Laika, a measuring apparatus for investigating its physiological 
functions, and an equipment for the regeneration of air, feeding of animal, 
and the removal of its waste products like excreta, etc., were installed on 
the sputnik. While designing the equipment, special efforts were made to 
instal instruments of as less a volume and as little a weight as possible 
besides seeing that they consumed minimum electric energy. The instru- 
ments, apart from functioning for a long period, ensure the recording of 
the pulse frequency of the animal, its respiration, the value of its arterial 
blood pressure and biopotentials of the heart and temperature, air pressure 
inside the cabin, etc., by means of a radio-telemetring system. 
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For the regeneration of air inside the cabin and the maintenance of the 
necessary gaseous composition, highly active chemical compounds were 
employed, which isolated the required amount of oxygen for the breathing of 
the animal and absorbed carbon dioxide and superfluous water vapours. The 
quantity of matter participating in the chemical reactions was regulated 
automatically. A system of compulsory ventilation was set up because of 
convection of air under the conditions of imponderability of the animal in 
the cabin. The temperature inside the cabin was maintained within definite 
limits by means of a heat-regulating system. The container has an appliance 
ensuring food and water to the animal during the course of flight. 

The dog Laika, despatched on the sputnik, had undergone a pre- 
liminary training. The animal got gradually accustomed to a prolonged 
stay in a hermetically-sealed cabin of little volume and in a_ special jacket to 
controllers fastened on various parts of its body for recording the physiolo- 
gical functions, etc. The dog was also trained in the effects of overload. 
Furthermore, the animal’s stability to the action of vibration and several 
other factors were determined. Consequent on prolonged training, the 
animal endured its stay in a hermetically-sealed cabin for a few weeks, 
which ensured the likelihood of conducting the necessary scientific investi- 
‘gations. 

The study of the biological phenomena of the living creatures during 
flight in cosmic space became possible as a result of preliminary investiga- 
tions on animals in short-period flights on rockets up to an altitude of 
100—200 kilometres, which were carried out in the U.S.S.R. for a number 
of years. 

As distinct from previous investigations, the flight of an animal on the 
sputnik enables to study the continuous effects of weightlessness. Till now, 
the effects of weightlessness could be studied on aircraft for a few seconds, 
and during the vertical launching of rockets within a minute. The flight on 
a sputnik, on the other hand, provides for the investigation of the effects on 
animals under the conditions of imponderability for several days. 

The data obtained during the execution of the programme of medico- 
biological investigations is now being studied. We already know that the 
test animal endured the protracted effect of boostings during the outward 
journey of the sputnik to the orbit nicely, as well as the subsequent state of 
imponderability, which continued for several days. The resulting data show 
that the condition of the animal remained satisfactory during the course 
that the experiment was being conducted. Surely, the investigations made 
so far will contribute a great deal tothe successful accomplishment of the 
future interplanetary flights and the development of the means for the safe 
flight of human beings in cosmic space. 

The laurching of the first two art:ficial satellites of the earth in the 
Soviet Union is a substantial contribution to the study of the upper layers 
of the atmosphere and adds to our knowledge of the surrounding universe. 
At the same time, it bears testimony to the great scientific and technical 
achievements of the U'S.S.R.., filling us with hope that, in the near future, 
the space surrounding the sun will be accessible to us for study and 


investigation. 
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REPORT AT THE CENTRAL COMMITTEE OF THE 
COMMUNIST PARTY OF THE SOVIET UNION IN THE 
PRESIDIUM OF THE SUPREME SOVIET OF 
U.S.S.R. IN THE COUNCIL OF THE MINISTERS 


(Taken from Pravda, December 22, 1957) 


The fortieth year of the existence of the Soviet State was marked by 
outstanding achievements of Soviet science and technology. The Soviet 
scientists, designers and workers achieved the greatest exploits by launch- 
ing the artificial satellites of the earth and showed to the whole world. 
what the creative genius and constructive efforts of the people of a 
socialistic society were capable of achieving. 

The achievements of the Soviet scientists, who have opened a new 
era in the development of the peaceful uses of science, are perfectly 
legitimate having prepared everybody for a prior progress of the socialistic 
society, its economics and culture, science and technology. These 
achievements were capable of realization as a result of great progress 
made in the Soviet heavy industry, precise mechanical, engineering and 
instrument manufacturing, radio electronics, electrical technology, 
chemistry, high-grade metallurgy and other branches of industry. They 
are the direct off-shoots of the socialistic system, which is based on 
strictly scientific principles, and which creates the most favourable condi- 
tions for the progress of its people and the development of scientific and 
technical ideas. The Soviet sputniks of the earth are a living testimony 
to the gigantic efforts carried on for a number of years by its people who. 
have transformed their motherland into a powerful industrial State. 

On October 3, 1957,0n the eve of the fortieth anniversary of the 
Great October Socialistic Revolution was launched the second sputnik of 
the earth, which was fitted out with more better and more complicated 
scientific instruments for the investigation of the space phenomena and 
the behaviour of the living creatures under conditions of interplanetary 
flights. These phenomena had been inaccessible to science previously. 

The launching of the artificial sputniks of the earth point to the 
realization of a daring dream of mankind, and a triumph of science and 
technology. Millions of people all over the world rejoiced enthusiastically 
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on the victory gained by Soviet science and technology over the forces of 
nature. The party and the government, too, appreciated highly the 
selfless labours of the Soviet scientists, designers, engineers and workers, 
who produced and launched successfully the first artificial satellites of the 
earth. 

Lenin prizes have also been awarded toa large number of leading 
scientists, designers and spectalists for their outstanding achievements in 
the field of science and technology, which made it possible to create and 
launch the artificial satellites of the earth. Research organizations, which 
participated in the development of the sputniks and the accomplishment 
of their launchings, have been endowed with the Order of Lenin and the 
Order of Red Flag. Also, the title of the Hero of Socialistic Labour has 
been conferred on a group of scientists, designers and workers, who 
participated in the construction of the sputnik, the rocket-carrier, ground 
trigger mechanisms, and measuring and scientific equipment, and in the 
launching in the Soviet Union of the first artificial satellites of the earth 
in the world. A large number of specialists, engineers, technicians and 
workers have been awarded the orders and medals of the Soviet Union. 

It has been decided to erect an obelisk during the year 1958 in 
Moscow, the Capital of the Soviet Union, to mark thie occasion of the 
construction and launching in the Soviet Union of the first artificial earth’s 
satellite in the world. 
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Fig. 75. Soviet earth's satellite in the stand 
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Fig. 78. Possible orbits of the satellite 


yluinds oy) so yustudinba syTUaTOS YUM F9UIBJUO.) “GL Bry 


‘JELLIUL JEIUIWIIIGXS ay) YIM WIGed pajeas-A]jeoNaWay—¢ pue © Buljunow juotudinba Joy awesy IaMod—p 
' S49) ILUSURL)-OIPeL pu pUdUdINba YIM JOUTe}UOD [BOLJoyds—-¢ =: UORIped ABi-x pue Ske1 JI[OIABIIN Suns Jo 
UOITESISaAU! OY) JO} JUIWINAJSUI—Z =: WIQIO DY} 0) UONBIIXd Ss, yluINds ay} 419}j8 3}qeUOs!}jaf JUD 9A1}99}01g—| 


YIIed JY) JO 9) [IVS [eIoyIjsJe puooss oy) Jo uvjd yusudinby = ‘og “sty 


ray aay 


“ ong 0 went Sette’ 


Fig. 81. Equipment for studying the solar radiation on board the 
second artificial satellite of the earth 
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